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PREFACE TO THE THIRD EDITION 


The thrd edition of the book, ‘An Introduction to Chemistry* 
(VoJ r has lust come out. The second edition of this volume was 
published in July, with minor corrections. However, the 
reception accorded to that edition has been such that it has given 
me the opportunity for a further revision within a year 

I hope that the present enlarged and thoroughly revised edition 
will sene the needs ot the students better m understanding the 
siibiect ^ind in facing the plus 2 course final examination as well 
as othei competitive examinations with confidence. I am personally 
mdeblcd to the teachers who sent valuable suggestions for the 
irapro\ ement of the book 

The 15th Novemhei 

\rn( ^Howrah) 

PRLFlCb TO FHF I IRSl LDITION 

I ht w ide rci^eption accoided to mv 'Higher Secondary Chemistry’ 
in Ben^ili bv the teachers and the taught has cnL/Ouiagcd me to write 
a te\t book ol Chemistry foi the Higher Secondary course in Lnglish 
whK‘* <. HI cater to (he needs ol the students prosecuting studies m 
Liiglish medium 

Ml! oiigh tlie book is pumanly wntten in accordance with the 
syllab IS Lad down bv the West Bengal Counul of Higher Secondary 
Lduc tion, itj siibicct-m itici has b''cn so careliilly designed and en- 
iiclieo bv incorpoi ding additional intormalion that it covers up the 
syllabi ol tiie Higher Secondary (Plus-2} and Two >carPre University 
couiscs ot Higlur Secondary Boards anti Unncrsitics of other Indian 
States 

With the intioduction ol 10 -f -d 3 pattern, a well-tlioughtout 
syllabus co-ordmatmg the Secondary and Degree stages has been pre- 
scribed by the W B H S Council In the present H. S curriculum, 
there is a marked departure from the traditional treatment of the sub- 
ject Moreover, due emphasis has been laid on the modern concepts 
in order to cope with the rapid development m Chemistry. 




In writing the book, I have all along kept in mind the basic idea 
of the syllabus and have utilised fully my long teaching experience and 
knowledge gathered from different text books of eminent Indian and 
foreign authors. 

Thorough and systematic treatments of different topics are t lie 
salient features of the book. Every concept or principle has been 
explained in simple and clear language with illustrative example^^ and 
explanatory diagrams. Modern theories have also been cluboraicly 
dealt with. Details of the preparative and industrial processes, as also 
ihc properties of the elements and compounds have been given No 
effort has been spared to make the book singularly ade^iuatc loi 
students to grasp the different topics to be taught at this Icvd 

1 am fully aware of the fact that a propei iindei standing d the 
subject of Chemistry requires a thorough grasp of applicalion> ‘d ilic 
theoretical concepts and principles through solving a vaiiet\ »)! 
numerical problems. With a view to creating interest amonLs< (be 
students in this respect, a large number of worked out probl 'i - i da- 
ted to each principle have been civen. All the steps have bccncivmly 
worked out so that the students at this stage understand vv » I'lev 
are doing without forming the habit of working out the p“ >b«cnN 
mechanically. 

At the end of the book, quite a large number ol questions * elating 
to each chapter have been given. Most of them were set in .aiiuus 
examinations held by Uiffereiit Indian Boards and Um\c bdies or 
other examining bodies. Each chapter contains broad i\pc short 
type and objective type questions fiamed according K' hnc'si 
technique. 

I confidently hope that the book will help the students in their 
preparations for various competitive public examinations. 

Any criticisms, comments and suggestions for improvement of 
the book will be gratefully accepted. I shall feel obliged if m> atten- 
tion is drawn to the errors which may have escaped my notice. 


The 23rd January, 
Amta (Howrah) 


Ranajil Das 
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GROUP— B : Inorganic Chemistry (Marks— 40) 

The chemistry of an element or a compound mentioned in this 
syllabus includes Preparation, Properties, Reaction and uses 
Laboratory Processes should be included where necessary. 

i 

Chemistry of the following . — (Compai alive study wherever 
possible 'I 


I Oxygen and Hydrogen, Water , Hard water and soft water, 
Softening of water. Gravimetiic and Volumetric Composition ' of 
water. Hydrogen peroxide and O/one 
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III. The Elements - Carbon, Phosphoius, Sulphur and iHalogens. 
(Fluorine excluded.) 


^^^ 4 , N.Os, P4O,. P40,„. 
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V. Oxy acids 

Nitrous, Nitiic, Phosphoius, Phosphoric, Sulphuious and 
Sulphuric Acids. 

VI. Hydiides — Ammonia, Phosphine, Sulphuretted Hydrogen, 
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N.B, In the revised Syllahm for Higher Secondan Examination 
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L The portion potaile' calculations using mole concept in tlu 
sect ten V will he alternate to any othet poition of the otigina 
syllabus 
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Pressure , (//) Graham\ law of diflusun of gases are not lequired. 
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ATOMIC WEIGHT 


Name 
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At.No. 

At. wt. 

Name 

Symbol 

At.No. 

At. wt. 

Actinium 

Ac 

89 
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Molybdenum 

^lo 

42 

96.95 

AlcmlnlTim 

A1 

13 

26 98 
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Nd 

60 

144.27 

Ameziolnm 

Am 

95 

243 

Neptumium 

Np 

94 

937 

Antimony 

Sb 

51 

121.76 

Neon 

Ne 

10 
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Argon 

A 

18 

39.44 

I Nickel 

N1 

28 

58.71 

Arsen io 

, As 

S3 

74.91 
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Nb 

41 

92.91 

Astatine 

At 

85 

210. 

Nitrogen 

N 

7 

14.008 

Barinm 

Ba 

56 

137.16 

Osmium 

Os 

76 

190 2 

Berkollnm 

Bk 

97 

249 

Oxygen 

0 

8 

16.000 

Beryllium 

Be 

4 

0,013 

Palladium 

Pd 

46 

1Q6.4 

Biemuth 

Bi 

83 

209.00 

Phosphorus 

P 

15 

30.976 

Boron 

B 

6 

10.89 

Platinum 

Pt 

78 

195.09 

Bromine 

Br 

15 

'19.916 

* Plutoiiium 

Pu 

94 

242 

Cadmium 

Cd 

48 

112.41 

j Phloiiium 

r»o 

84 

210 

OaloiamP* 

Oa 

20 

40.03 

PctasBium 

K 

19 

39.100 

Calilornium 

Cf 

98 

248 

Praseodymium Pr 

59 

140 92 

Carbon 

C 

6 

12*011 

Promethium 

Pm 

61 

145 

Cerium 

Ce 

58 

140.18 

Protoactinium Pa 

91 

2)1 

Cesium 

Cb 

55 

132*91 

Badlum 

Ra 

88 

226*05 

Chlorine 

Cl 

IT 

35.457 1 

1 Radon 

Rn 

86 

222 

Chromium 

Ct 

24 

52.01 1 

1 Rhenium 

He 

76 

186.22 

Cobalt 

Co 

27 

58.94 

Rhodium 

Rh 

45 

102.91 

Gulumbium 

. see Niobium 


Rubidium 

Bb 

J7 

85.48 

Copper 

Gu 

29 

63.64 

, Ruthenium 

Rn 

44 

101.1 

Carl am 

Cm 

96 

946 

1 Samarium 

Bm 

62 

160 35 

Dysproiium 

Dy 

66 

162.51 

Scandium 

Sf* 

21 

44.96 

Brblum 

Br 

68 

167.27 

Selenium 

Be 

34 

78.96 

Europium 

Eu 

61 

152.0 , 

1 Silicon 

Si 

14 

28 09 

Fluorine 

P 

9 

19.00 

Silver 

Ag 

47 

107.880 

Francium 

Ft 

S7 

223 1 

; Sooium 

Na 

11 

92.991 

Qadolinlum 

Gd 

64 

157.26 1 

Strontium 

Sr 

38 

87*63 

Gallium 

Ga 

11 

69 72 1 

Sulj^ur 

S 

JC 

32.066 

Germanium 

Qe 

12 

72*60 : 

, Tanialiu?7t 

Ta 

73 

180.95 

Gold 

Au 

79 

197.0 

Technetium 

To 

48 

99 

Hafnium 

HI 

72 

178,50 1 

! Tellurium 

Te 

52 

127.61 

Helium 

He 

2 

I'OOS 

, Terbium 

Tb 

65 

158,93 

Holmium 

ITo 

67 

164*94 

Thallium 

T1 

81 

204,39 

Hydrogen 

H 

1 

IOC 8 

Thorium 

Th 

90 

232 05 

Indium 

In 

49 

114.82 

Thuliom 

Tm 

69 

168.94 

Iodine 

1 

58 

126'91 

. Tin 

Bn 

50 

118.70 

Iridium 

Ir 

77 

192.2 

Titanium 

Ti 

22 

47 90 

Iron 

Fe 

'2G 

55*85 

Tungsten 

W 

74 

183.86 

Krypton 

Kt 

16 

83.80 

Uranium 

u 

92 

238.07 

lanthanum 

Ta 

57 

138.92 

Vanadium 

V 

22 

.60.96 

Lead 

Pb 

8i 

207.21 

' Wolfram , Bee 3'niiesten 



Iiitbium 

U 

3 

69.40 

1 Xenon 

Xe 

54 

131.30 

Lnteoium 

Lu 

71 

174.tg 

Ytterbium 

Yb 

70 

173.04 

Magnebium 

Mg 

12 

24.32 

Yttrium 

Y 

39 

88.92 

Manganese 

Mn 

26 

64.94 

Zinc 

Zn 

10 

66.33 

Mercury 

Hg 

80 

200.61 

Zirconium 

Zr 

40 

91.22 
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SOME USEFUL MEMORANDA 

Weight of 1 c.c. of hydrogen at N.T.P.=0’000089 gm* 

« 0-00009 gm 

Normal or standard temperature— 0’’C or 273*A 

Normal or standard pressure = Pressure of a column of 

mercury 76 cn> high. 

Volume of 1 gra- molecule of a gas at N.T.P. = 22-4 litres 

Molar gas constant ('R^ =0*082 litre atmosphere per 

degree absolute per mole, 

Avogadro’s number (N)=6 023x 10^ • 

1 Faraday = 96,500 coulombs. 



GROUP A 

GENERAL AND PHYSICAL CHEMISTRY 




chapter I 

INTRODUCTION 


A period and s>siematic knowledge of difteient subjects of 
nilure is colledively known as science oi natural science Nowadays^ 

I he word science is gcneralH used to desciibe man's oidcrlv search foi 
kiioN^lcdgc b\ methods of caieful obseivdtions and coniiollcd expeii 
menls lor convenience of sUids, naliiial science hd\ been divided 
inio dilleicil biandies Ciiemisiry is one of the most important and 
higliK de\ eloped blanches of science AwLOiding to the belief of the 
Western sJiolais the let m chemistry has been derived liom Egypt’s 
ancient name C hewiu which signified a divine ail , mu^h developed 
and wideU piactised in tint countn during the first few centuries of 
the Christian cia 

Ihcmitcnil world aiouiid us consists of an infinite vanet> of 
substances^ each ot winch has its own sliapc sizc^ colour and spcc-ifie 
pupeities Walci^ ail sod gold iron common salt etc are diffeient 
vuieties ot siibsim^es but in no case two of them exhibit the sime 
piopeilics 

In the living bodies as well as in the non living substuiues^ miiu 
meiable changes ait going on eiihci sponlant xi>lv oi when icted upon 
by phvsKal loiccs iik.. picssuie licit clectn^iU etc ^ oi bv other sub^ 
tances oi bv both a ling logethci Kerosene oi peiroleiim when buint 
emits light and gi idualU d'sappeais A piece of coil on ignition pro 
duces heat \nd isulnm ilciv convened in o i small imoiiiP of ash The 
varioLi'i tvpes of food we tike sulTei numerous chinges within our 
bodies betore ihev aie absoibed in i le blood streim In ti^t^ we mim 
tain oil! growth and nouiishmem end dciive s lengdi for all ot our 
aciiviiics due tc> assinida loii of iooJ mi'ciiils CjuideJ bv natural 
instinct and intcllmiiic; mvn m ike > attempts to know' how and why 
these changes ire o^ Hiring and to iJen^ifv ihe luw siibsiaiues foiraed 
as a result ot such cii iiiges 

As a miller of lad from time immemorial man has been living 
to break oi an ilvse the subsUiices around him and to prepare them 
from othei substances with the help ot meagre mean, at his disposal 
In couise of lime he has been able to dis.ovci certain natural law* 
governing the foimatioii and changes of mailer 

The su-cess achieved by man in his century long search for 
knowledge about the matter and Us transforma ion has given the 
science of chemistry its modem developed shape. 
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GENERAL AND PiTERtCAL CUEBOKTRY 


Chemistry is that bnnch af science which deals with the com-- 
position, characteristic properties, methods of preparation of subs- 
tances and the various changes they undetgo in their compositions 
spontaneously or by application oj external physical fones or when' 
treated with other substances under diverse conditions. The science 
of chemistry is also concerned with the gain or loss of energy accom 
panying such changes and the laws and theories governing these 
changes. 

Branches of Chemistry : 

Both from the theoritical and practical points of Mew, the field 
of chemistry has grown so vast in recent years that it has become quite 
impossible to comprehend the subject in one treatise. So, for con- 
xenience of study, chemistry has now bceh divided chiefly iqto three 
branches, such as (a) Inorganic chemistry, (b) Organic chemistry and 
(c) Physical chemistry. 

Inorganic chemistry is that branch of chemistry which is mainly 
concerned with the study of the minerals. It deals with the study of 
the elements in general and the compounds formed by the mutual 
combination of the elements ( except carbon and its compounds ). 

Organic chemistn : Due to certain peculiar characteristics, 
the element carbon can form enormous number of compounds which 
are of vital importance in the biological world. The study of carbon 
and its compounds has developed a distinct branch of chemistry 
know'n as Orgcnic chemistn. The came has been derived fiom the fact 
that the carbon compounds dealt with under this branch arc generally 
allied to the products of organs of animals and plants. 

This definition includes several simple compounds of carbon, 
such as carbon dioxide, carbon monoxide, carbonates, carbon disul 
pbide etc., which arc obtained from inorganic sources. These com 
pounds are usually studied under inorganic chemistry. 

Physical chemistry is concerned with the elucidation and classi- 
fication of theoretical principles of the subject. It mainly deals 
with the fundamental laws that govern transformation of matter. 
The effects of temperature, pressure, electricity, light, concentration 
etc., on reaching iubslances come under the scope of physical 
chemistry. 

To cope with the extraordinary progress of the subject ol 
chemistry, it has further been subdivided into other branches, some 
of which arc stated below. 

Analytical chemistry is now a da>s taken as a special branch ci 
chemistry which deals with the various techniques and procedures 
adopted in the identification and estimation of the cons itiients of the 
chemical substances. 

Biochemistry is the chemistry of living organisms. This branch 
of cl cmistry aims at investigating the nature of substances produced 
in the living bodies and seeks to account for or explain the chemical 



ijnaioDucTiON 


reactions taking place in such production, The effect of foreign 
'Substances on the living bodies and the reactions in presence of micro 
organisms are also studied under this head. In the light of new 
discoveries and improved techniques, the medicinal or pharmaceutical 
chemist fi' lias now been given the rank of a special branch of chemist^ 
which deals with the use of chemicals to prevent and cure diseases in 
living beings. 

Applied Chemistr : In the modern age, chemistry plays an 
important role in industry. It is justified to say that the progress of 
a country is symbolised by the progress of its chemical industries. 
Thus applied chemistry is a special branch of chemistry which is con- 
cerned with the chemistry and techniques of the industrial processes. 
In view of its importance in the production of chemicals of everyday 
use as also the chemicals that meet the needs of ever advancing 
human civilisation, this branch has ultimately grown to be a full 
fledged subject matter of learning. 

Soil (or Agricultural Chemistn deals with the chemical studies 
of the soil and the use of suitable chemical substances to increase its, 
fertility. It also deals with the chemicals used to destroy the insects 
or other organisms which are regarded as the enemies of the plants. 
It IS a \cry important branch of chemistry as it aims at growing more 
agricultural products for solving the food problems confronted by 
almost alt countries of the world due to ever increasing rate of 
population. 

Nuclcdi {K\xCi\o) Chenustv\ It is the youngest of tl»e branches 
of chemistry so far discussed. It is concerned with the study of the 
radio active elements, isotopes and their various applications. The 
artificial transmutation cf elcmeAis also falls under the purview of this 
branch. 

Chemistry -an Experimental Science : 

FKperimenis plav a very vital role in the study of chemistry in 
the present days. Jvlodern chemists firmly believe that knowledge in 
chemistry can never bv perfect unless its truths are experimentally 
verified. This is why they are inclined more and more to lake recou- 
rse to experimental ions and inferences derived from thein by careful 
reasonings. 

It cannot be denied that imagination and speculations contribu- 
ted a lot in the early devclopmeTil of the subject. But to a modern 
chemist ideas based on mere intuitions are of very little values. 

Chemistry, as stated earlier, is a science which deals with the 
matter and its transformations under varying conditions. 

A good chemist devises methods which cause regulated changes 
to occur in matter and draws inferences by observing the controHed 
sequence of changes. 

The experiments not only Itelp us in characterisation and identifica* 



4 


(iKNEPAIi AND rHirsiCAl; OHEMIimiY 


tion of a substance but also predict the changes that an unknown subst 
ance should undergo. 

It has been proved that the use of a chemical substance for a 
particular purpose is solely dependent on its composition or constitu- 
tion which can only be known by collecting analytical and synthetic 
evidences based on different experiments on the substance. " 

We may conclude that chemistry is no longer a science wltich 
deals with the changes of matter only. But it is primarily concerned 
with the de\elopment of clear understanding of //mv and witv the 
changes are taking place. 

Changes of matter — Physical and Chemical changes/ Tlie 
changes that matter undergoes fall into two distinct classes, namely 
physical and chemical. Any change wdiich does not alter tlie com- 
position ( or internal constiuition ) of a substance is referred to as a 
physical change. Ob^iousl> in a physical change^ a substance is never 
converted into another substance and the weight of the original subs- 
tance remains unchanged. It only causes to alter a few of the minor 
phv steal characters of the substance. A physical change is icinporarv 
in nature and the substance regains ns original form upon withdrawing 
the agency which brings about the change. 

When water is heated at its boding point, it ciihiciy escapes in 
the from of steam. Again, when electric curreiU is psssc^l tluougli 
acidulated water, it is convened into gases and gradualiv disappears. 
The changes water suffers in these two cases do not belong to the same 
category. The first one is a physical change and the second is a chemi- 
cal change. The change taking place in the v^onversion of water to 
steam does not disturb the composuiun ,or internal consiituiion of 
water. It simply affects some physical properties of water — such as 
stale of aggression, dcnsilv. appearance etc On Looling sicam i*? 
turned back to same weigh i of water , is before and both watci and 
steam possess the same chemical properoe^ 

On the other hand, electric Liiireiil causes watei lo decompose 
into two gases, hydrogen and oxygen Tlie pioperlics of these ga^es arc 
entirely different from those of water. Moreover, ♦’ic gases can nevci 
be reconverted into water by cooling only. So. the change that water 
suffers during the passage of electric current is a chemical change. 
Here, one substance has been changed pcrraanenily into two nev^ subs 
tances with an altogether new' set of properties. 

A piece of platinum wire wdien held in the noniuminous flamv‘ ol 
a Bunsen burner becomes red hot first and then white hot emitting 
light. But on removing the wire from the flame, it is restored to its 
original condition and has the same weight as before. Thus a plati- 
num wire suffers a physical change while it is being heated in a flame. 
But if a piece' of copper wire is heated in the flame, it burns for 
some time with a bluish flame and finally the colour of the flame disa- 
ppears. On cooling, the wire assumes a black colour. In fact, the 
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metallic copper on being reacted with oxygen of the air at a high 
temperature is converted into a new substance — cupric oxide This 
IS ccrtainl> an example of a chemical change 

Ft mus be kept in mind that in a physical change, a thermal 
change mf\ oi may not occur. But the exchange of heat is one of 
the main criteria of the chemical change A chemical reaction is al 
ways attended with evolution or absorption of heal 

Clasbitication of matter— Eluents and Compounds : 

Most of the innumerable substances aioiind us» is puie From 
the s'andpoint of chemislr> a pure substance is delined to be a subs 
lancc VhKh is made up of one kind of ma crial onh The resulting 
substance produced bv mixing more than one pure substance is not 
regarded ''s i pure substance 

Any pu’-c substance is homogeneous A subslaiue is said lo be 
M when each and e\cry pa i ot i cxibits the same pro 
pcrtics ana has il e same composition A 1 oniogeneous substance 
has definre properties and uniform coraposuion ihiouehout Fxem 
pics are ^ ire sugar watei, common sail etc 

Impui vuostanccs gcneiali> appcir to ot 1 ciciogeneous A 
siibsMn».w N rtfcirea to futeio^nuous wun dniereiu paits of it 
possev*. d lerent propci tics and composttiop A I'Cicrogtncous subs 
lancc IS rx Jc up of iwo oi more vanclie*' ot mitlci A mixtuic of 

sugai ait s ul in n\ piopoilions b\ weight is an Cviniplc of 

a hctciogciev Us sub^idnv.e But ii is r ^ be remembcKd that homo 
gcnitv IS Ml ' only cnlcrion to decide wl cibii a substance is piiic 
OI not c so 111 I on obtained dissoUing sugai in watei is homQ 
gentous as iL lias the same composiion ^ind properties in all itspar^. 

Alihoa^i niiik IS a ubsUnce having a nunibei oi consiituenis. 
It IS liomot' icous But the sugar solution or milk can in no way be 
taken as a substance On il e basis of n ernai cons ilulion, the 
pure substances ha\e been divided into two d isses namelv elements 
and compn mds 

y Element: tn Lhmuif is a sintpU homi'tneoit^ which 

cannot be nsohed ot split up into at \ smipUt lau! dissimilar subs 

tcaicis (t i Hsult of ordimny ihemicil anai\s s In other words 

a simpU jt^ran I \shnh ioimot he ^iumunll (uiomposcd to am 
substance oihtt thin itself is an element. 

Thus oxygen is an clement because it is not anahstable lo other 
i»ubstance or substances with different properties Hvdiogen nitrogeUt 
sulphur, carbon^ sodium iron, gold etc , are familiar examples of 
elements 

Piemen’s existing in solid, liquid and gaseous s aios are known. 
There are 92 common elements which are found to occur in nature. 
However at present the scientists have dis.oveied some more elements 
beyond uranium They are not* naturally Ow.urring elemifcnrs ai|d are 
prepared artiff :ially These elements are called tnmsuramc ekmenhl. 
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Based on some of the physical and chemical properties, the 
elements have been divided into two groups . (a) metals and (b) non- 
metals. Gold, iron, sodium, calcium etc., are metals. Metals are 
generaally good conductors of heat and electricity. Metals possess a 
shinning appearance called metallic lustre and are generally '^solid subs- 
tances with high specific ^avity. Some exceptions are also known. 
Mercury, although a metal, is a liquid at ordinary temperature. Sodium 
and potassium are definitely metals but arc lighter than water. More- 
over, metals arc found to possess certain characteristic properties like 
ductility, malleability etc. In general, metals are electropositive ele- 
ments with high melting points. 

On the other hand, hydrogen, nitrogen, carbon, sulphur, phos- 
phorus etc., are non-metals. Non-metals are generally bad conductors 
of heat and electricity. There are exceptions in this regard. Graphite, 
a non-metal, is a good conductor of heat. Non-metals do not possess 
any lustre of their own (non-metals like iodine and graphite possess 
metallic lustre). Non-metals are generally solids and gases at ordinary 
temperature, (bromine, a non-metal, is a liquid at ordinary temperature.) 
In general, solid non-metals have low specific gravity and low meltiog 
points (solid boron, carbon being deftniiely non-metallij elements 
have high melting points). The properties like malleability^ ductility 
etc., are absent in non-metals. The properties dis:ussed are not 
all in characterising these two types of elements. Some more in this 
respect will be described later. 

There are some element^ with intermediate properiie.s /.c. they 
exhibit more or less properties of both metals and non metals. These 
llrtements urc referred to as metalloids. Examples are arsenic, anti- 
mony etc. 

^ Compound : A compound is a homogeneous pure substance 
which can be decomposed by chemical methods into two or tmre simp- 
ler substances with dijferent properties^ In other words, the substance 
which is produced by the chemical union of two or more elements in 
definite propoaions by weight is a compound* It his fixed and specific 
properties altogether difjerent from those of the elemehts of which it is 
constituted, A compound can be split up into its ingredients by 
application of chemical methods. 

Water is a compounb. When electric current is passed through 
water slightly acidfied with dil, sulphuric aied, it decomposes into the 
elementary gases — hydrogen and oxygen. It has been found that the 
properties of water arc entirely different from those of either hydrogen 
or oxygen. On the other hand, water is produced if electric spark is 
made in a mixture of hydrogen and oxygen present in requisite pro- 
portions. Results of chemical analysis show that in all samples of 
pure water, 1 part by weight of hydrog^ combines with 
8 parts by weight of oxygen, $ugar^ common salt^ chalk carbon 
dioxifk are well-known examples of compoimds* 
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Ifixtvre ar meclianical mixtare : A mixture, also called a mecha- 
nical mixture, is the resulting substance produced by mere mixing of 
two or more substances (elements or compounds or both) in any pro- 
portions by weight so that the different components simply remain side 
by side without undergoing any chemical union between them. The com- 
ponets in a mixture retain their respective properties or individual iden- 
tities and can be separated from one another by easy mechanical pro- 
cesses. ThuSj air is a mixture of mainly two gases — nitrogen and oxy- 
gen Of course^ it contains some other gases in minute amounts. Gun- 
powder is a mixture of three solid substances — sulphur, carbon and 
nitre. The solution which is obtained by mixing sugar or common salt 
with Whter is nothing but a mixture of a liquid and a solid substance, 
derated waters are miKtures as these are mainly solutions of carbon 
dioxide in water under pressure As soon as tlie pressure is released 
gaseous carbon dioxide is found to escape producing bubbles. 

^ B The diffeient substances whizh form a mistute are called its coin- 
p>n<*nt as they are lying side bv side without char ge and are separable front 
each other without change. 

Distinction between a mechanical mixture and a chemical 
compound. 


Mechanical mixture 


1 The componenta m a mecha- 
nical mixture may be present t i 
ibli proport’oit^ by '"oeig'h* 

iron filings and powdered sulphur 
may be mixed in any proportions bv 
weight to produce a mechanicil 
mixture of the two elements. 


2 In a mechanica' mixture, 
individual properties ot the coinpo> 
nenta remain unaltered. No substance 
with new properties la formed, r e. the 
components are found lying side by 
side. 

If a magnet ia held near a mixture 
of iron and aulphur powder, 
particlea are attracted by the magw 
or when dilute tulphuric acid is added 
to the mixture iron will distolve 
in the dil. acid produsing a odourieea. 
inflammable gee nram»d hydrogen. 
Agnin, if the mixture i« shaken with 
liqu d «arbon disulphide, sulphur 
diaeolvee leuuiug iron powder uu- 
nttacked. Tbm in the mixture under 
reference^ tbu properties of both Jron 
mad aulphur o^e retained. 


Chemical compound 

1 The constituents in e cOemienl 
compound must always be present in 
dffmite and fixtd proportions by 
loetg */. Fixed composition lathe moat 
important criterion of a compound 

In ferroua aulphide, a compoi||^ 
of iron and sulphur, 7 parts by welgjNt 
of iron are found in combination with 
4 parts by weight of aulphur. No aem- 
p]e of ferroua sulphide la known where 
this weight ratio ia not maintained. 

2 la a chemical compound, the 
properties ot ita constituents are com- 
pletely ebansed. The compound for- 
med poaseases properties which ere 
specific to Itself and entirely different 
from those of its constituents. 

Ferrous sulphide, a compound of 
iron and sulphur, is not attracted by a 
magnet. Whi-n created with carbon, 
disulphide, no onstitueet ia found toi 
dissolve in it. On adding dit. aulpbntic 
acid to ferroua sulphide, e new gee 
named aulphuretted hydrogen po e t em -' 
ing an offensive smell le evolved 

This ahowa that ferroua eulpliide ie 
qjite different from ita co^stitttenta 
( iron end sulphur ) in propertiee. 
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Me chanted mixtun 


Chemieal tompowtd 


3 The cemponenta ot a mech*- 
nica) mixture can be aeparated from 
one another by eaav mechanical 
meana 

From a mixture of iron fiiioga and 
aufpbur powder iron may be aeparated 
by drawing a snegoet over it and 
aulphur by ext action with caibon 
diaulpbide 


3 A compound may be aeparated 
into ita conetitoent eleroenta only by 
chemical meana and not any mecha 
meal method 

Iron oi aulphur preaent in ferrous 
aulphide cannot be aeparated by the 
mechanicai proceaaea They can how 
ever be aeparated with difficulty using 
different chemical reaction^ 


4 There is uauallv no thermal | 
change during the oreparation of a 
mixtuie Id cate of making a few i 
aoluttona sc me heat changea are 
observed No heat la evolved or I 
•boaorbed when iron and aulphur 
powder are simply mixed to form a j 
mixture ' 


4 Th^re la alnaya a thermal 
change ( heat is either e\ajvcd or 
absorbed ) during the formation of a 
compound 

Formation of terrous sulphide from 
iron and sulph jr is attended with evo 
lution of much heat 


5 A mechanical mixture is usually 
heterogeneoui in character but homo 
geneotis in casra of solutions or mix 
tures of ga<9*s When a mixture 
of iron and julphur powder is seen 
through a magnifying g aas or a micro- 
scope separate particlea of iron and 
sulphur are found to ex sr and remain 
side by tide 

A mechanical nut ire has no 
fixed melting point or boiling poin 
It varies according to the ratio of<ts 
constituents 


3 A chemical compound without 
j anv exception is always homegeneous 
I in f haracter 

In ferrous sulphide the ingradients 
are not aeparately recognisable even 
under a very powerful microscope 


6 A chemical con po nd is gene 
rally chaiaclsriscd f'v s sharp and 
conetalt melting point ( if solid ) and 
( a conalam boiling point il liquid} 


\ y It haa already be^n pomte f out that there will I e xn-Mtablv a he^t 
change during the formation of a compound from its elem''niH In fact a 
chemical reaction will take place with cilf cr evclction or aLsorptu n or heat 

A chemical reaction which is attended with CTolulion ot heat s known a 
exofletmi tar and the substance formed by such a rcaa on b called an 
exitnerm u \t li During the formation if carbon dioxide by burning 

12 gms of carbon m 32 gms of oxygen V4t0 cala of heat are evolved 28 gms 
of nitrogen and 6 gms of hvdrogen uni e chemically to produce ammonia nitk 
evolution of 2200) cals of heat bo carbon die ide and amiron a are evother 
mic cempsunds 

On the other hand a reaction which takes place with absorpti >o of heal 
It called an r* it rm }PiCijn and when a substance is fo med with th** 
absorption of beat it la aaid to be an ^ it 7 mi mp hi i h hsa been found 
th&t heat IS absorbed during the formaticn of ozone irum oxygen carbon disul 
phide from carbon and aulphur nitric oxide frcin nitrogen and owgcn So 
carbon disulphide nitnr oxide etc are e amplea of endolherm c cotnpounda 

Separation of components of a mixture : u i loa ot uc mpo 

nents of i mix ure in the pure form is done with ihc help of some 
common Uboratoiv piowcsses suvh is hUiaiioii, dis'ilUuon i^ublima 
tion, ^.rNSiallisdtion eic 

Here the separation involving filiation subhma ion, distillation 
and solveni extraction ius been dcs ribed The process of crystalli 
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^tioa and ils application have been explained in chapter IV, Group 
A, Vol.nofthisbook. 

«/(l) Filtration ; The process of separating a liquid from ohe more 
insoluble solids present in it with the help of a potus material, is known 
as filtratioiu 

The process consists of pouring the mixture of the liquid and the 
insoluble substance or substances into some porus material such as, 
liher paper, glass wool, asbestos fibres, fine clotb^ etc. which allow the 
liquid f a pure sample or a solution containing dissolved substances ) 
to pass through but arrests the uiidissoKed solid matter. In the 
laboiatory, the porus material commonly used is the filter paper. 

The clear liquid passing throught he porous medium is called the 
filtrate* and the insoluble or suspended matter which is retained, is 
called the residue. 

The process of liliralion njay be illustrated by separating the 
ingredients of a mixture of sand and common salt (NaCH. 

Common salt is completely soluble in water while sand is insoluble 
in this solx ent. So, when sufficient quantity of water is added to the, 
mixture and stirred coniinon salt goes into the solution and sand does 
not. The solution of common salt is then separated from sand by 
hiti alien 

In the laboratoiy. a sheet of circular filter paper is folded into two 
hahes along a diameter and then again into two more halves symme- 
triealh along the radius perpendicular to the diameter. Thus, four 



loios in a quadrant are obtained. It is then opened with three 
folds on one side and one on the other so that a cone is formed This 
IS fitted in d glass funnel by pressing with the fingeis and is fixed 
smoothh to the funnel by moistening it with a few drops of water. 
The funnel witli the filter paper js placed on the ring clamped to a 
stand. An empiy clean beakcNiskcpi under the funnel in such a 
position that the stem of the funnel touches the inner side of the 
beaker. Now. the beaker containing the salt solution and undissolved 
sand is held in a slightly inclined position and the mixture is poured 
slowly on the thicker side of the filter cone down a glass rod. The 
clear salt solution passes through the filter paper, runs through the stem 
of the funnel, collects in the beaker below while the insoluble sand 
being too large to pass through the pores is held on the filter paper. 

Sand on the filter paper is taken in a basin and dried by heating. 



10 


OHNKBALAMD FEnr^CALOHBMISXBT 


The filtrate ( i e , solution of common salt in water ) i$ taken in a 
large evoporating porcelam basin The basm is heated when water is 
driven out in the form of steam and the solid common salt is recovered 
from Its solution 



Filtration Hot filtration 

Hot filtration: Sometimes it becomes necessary to c iir\ out 
the process of filtration m a hot condition in such a case the funnel 
with the filter paper is placed in a doubIe.wa11ed copper funnel filled 
with hot water and pro\ided with a slanting cylinder closed at the 
bottom which is slowly heated 
bv a Bunsen burner 

Rapid filtration or filtra- 
tion under reduced pressure : 

For quick filtration in the 
laboratory the process is 
cained out under rediiv^cd ^ ^ 

pressure In this process a p 

special type of pouelain funnel 
with a perforated disc msidc 
( usuall> a Buchner funnel is \ r 

fitted by means of a rubber 1 

cork to a filtering flask in | 

which a partial \acuum is | 

created by connecting its side w 

tube With a water suction 
pump A filter paper of proper 
5 ize IS placed on the perforated 

filtered is poured on the funnel 

The liquid passes rapidly tl ro igh the filter paper into the flask 








under the influence of the atmospheric pressure. The residue is^ 
lef^n the filter paper. 

(2) SttMiniation : It is generally observed that when a solid ts» 
heated, it first melts into a liquid which on further heating vaporises 
ai its boiling point. The vapour, on the other hand, when cooled 
first condenses into a liquid which then solidifies on further cooling. 

But there are certain solids such as ammonium chloride, iodine, 
camphor, flaphthalene etc. which when heated pass directly into the 
vapour state without passing through the intermediate liquid state and. 
the vapours pass back into the original solids on cooling, 

on heating 

Solid ^ ^ Vapour 


^ on cooling 

/ Such solids are said to sublime. 

\/ The process oj direct conversion of a solid suhstunce into its vupow 
( without being converted to the liquid state ) by application of hea^ 
and reconversion oj the vapoui quicklv into the same solid on subse- 
quent cooling is known as sublimation. 

\/1rhe solid obtained as a result of condensation of the vapour 
called the sublimate. 

The sublimate has the same chemical composition as the original 
solid. If a mixture contains a volatile solid that sublimes, the process 
of sublimation can be easily employed for its separation in the pure 
state fr*.>m the other non volatile 


solid ^*>mponents like sand, 
sodium chloride etc. of ihc 
mixture. 

To separate a mixture of 
ammoninm chloride and salt : 

We know that ammonium 
chloride sublimes when heated 
but common salt does not. So, 
the components of the mixture 
can be separated from each 
other by sublimation. Usual 
method involving filtration can 
not applied in this case as both 
of the sails are soluble in 
water. The given mixture of 
the two solids is taken in a 
porcelain basin which is placeck 
on a sand both supported on a 
tripod stand. The mixture in 
the basin is then covered 
completely with a inverted 
funnel having a long stem the 
opening of which is plugged 
witb a piece of cotton. The 
out^ surface and the sten^ ot 



Sublimation 

the fuonel are wrapped v/itt a piece 
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<3^ thin cloth or filter paper soaked in water. NoWj the ba$m with its 
content IS heated mildly on the sand bath with a Bunsen 
burner. Ammonium chloride hrst vaporises and theh deposits as 
a soMd on the cooled innei surfaces of the funnel. When no further 
sublimate collects, the Bunsen flame is removed, basin is taken out of 
the sand bath and is allowed to cool The sublimate of ammonium 
chloride is next collected on a filler paper by scraping ihe^inaer wall 
of the funnel The non volatile sodium chloride is Icfi behind in 
the bisin. 

\^) Distillation : Distillation 's the piocess of coimiting a Uqiiicl 
into its vapoiii b\ the uppluation of heat and then Londensin^ the vapour 
hack to the same liquid h\ cooling. 

Healed 

Liquid ~~ ^ Vapour 

Cooled 

Obviously, distillation is a combination of \\\o ic 

vaporisation and condensation. 

Distillation = Vaporisation -f Condensation 
The liquid received back by the condensation of the \apour is 
called the distill ite The dis illation is employed in the s^'iraiion 
of a liquid in the pure state irom the non volatile solid or sol either 
in solution or m suspension Both the liquid solvent and solid 
solute can be recovered bv this process 



Distillation 

'Generally, a distilling flask having a side tube is ha f filled with 
dhe liquid (say an aqueous solution of common salt) and is set up on a 
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wire gauze M a ring fixed to a stand The flask is then clamped in 
position The mouth of the flask is closed by a cork through 
which a thermometer is inserted with its mercury bulb standing just 
below the opening of the side tube 

The side lube of the flask is conn^Ued by a bored cork with a 
Liebig’s condenser kept in an inclined position with the help of a 
cl imp and a stand The lower end of the condenser is mtroduwCd 
in o a clean Iflask which serves as the receiver oJ the distillate The 
I ic big’s condenser consists of a narrow glass lube surrounded by a 
'Mder jacket tube having two small lateral tubes The inlet or the 
lo\ L,i side lube of the condenser is connected with \ water tap by 
me ms of a rubber tubing while the rubber tube attached to the out 
let or the upper side tube is led into the sink Thus^ a stream ol 
colj wajpr IS passed constantly through the jacket tube The liquid 
in the disttlling flask is slowly healed to boiling when the temperature 
of ihe liquid remains constant The vapour steam in the case of 
aqueous solution ot common salt^ produced enters ihe condenser 
While passing through the cold inner tube ol the condenser^ it 
condenses buk to the original liquid -ind eolle^ls in the le ei\er drop 
b\ drop To a\ oid bumping of the boiling liquid a few piece-» of 
iss beads may be added to it The liquid so collected is free from 
inv dissolved solid The nonvolatile solid (or solids') which was 
oiiginallv present in the liquid before dtsiilUtion remains in the flask 

Fractional distillation f/n piouw ol disftUjtion which is used 
to sepaiatc the compoiunts of u mixnm of mutuilh miscible liquids 
with hoilinq points fairh apart is known as fiactionjl disttllation 

The mivture ol liquids whos' boiling points vre widely ditterent 
IS pi iced in ll t distilling flask and is heated The liquid with th*© 
lo\\er boiling point distils ovei fiist and is collected -is the distillate 
When ]iearl> whole ol it has passed o cr ihc lemperatuie of the 
remaining liquid begins to rs* and leiclies the boiling point of 
another liquid which then begins to dis il o\ei It is now Lollectcd 
in a separate receiver Thus bv colle ling the disnllate bv tractions, 
two or more volitilc mis ible liquids c in b s parated from ea^h 
otlicr more or less completely 

li action It ion ot a mixtiue ot mis. ible liquids cm be more eflec-, 
tivelv earned out by inserting a fuctionatinq column between 
the distilling fusk and the Liebigs condenser as show n in the next 
Jigurc The fiaclionaling column piov ides a large cooling surface to 

the hot vapours soihit the vapours ot the highei boiling liquid get 
condensed and return to the flask while Ih" vapours of the liquid of 
lower boiling point piss over and condense to liquid in the condenser 

Distillation under reduced pressure Liquids which are 
susceptible to decomposition at their boiling pours can not be 
disqUed under the a mospheric pressure If the pres>uie on the surface 
of the liquid is reduced to ereat a partail vacuum inside the dtsttfluig 
flask by connecting it with a suction pump through the condenser and 
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itte recener, the liquid distils at a temperature belt# normat 



F factional distillation 

boiling point The process of distillation undei i educed pressure has 
been filly described m Chapter I Group B of this book under the 
concentration of hydrogen peroxide 



(4) Solvent extraction : It is a 

piocess which can be effecinelj used to 
separate the ingradients of the niixtuic 
of various types such as the mixtures 
containing difTerent solids or ditfereni 
liquids or solid and liquid The principle 
of solvent-extraction is based on 
the preferential solubility of one ol the 
components of the mixture ip a particular 
solvent usually a low boiling organic 
solvent which is forms a dts incil\ separate 
layer wiih the other liquid it present 
in the mixture 

The method is illustrated here by the 
extraction of iodine from i s solution isi 
v^aicr by means of ether or carbon 


Solz^nt eAtfaction diSulphidC. 

Ether is addcc to an aqueous solution 


of iodine placed m & 
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separating funnel. The funnel is then stoppered and shaken gently at 
first and then more vigorously^ the stopper being opened from time to 
time to allow the excess of ether vapour to escape. Most of iodine 
passes into the upper layer of ether which is coloured dark brown due 
to the dissolution of iodine. The lower aqueous layer is run of and 
the ethereal^ layer is poured out. When ether is removed cautiously 
by distillation over water bath, iodine is obiained. 

Instead of ether, carbon disulphide may be used to extract iodine, 
the soluiion in this case assumes a violet colour and forms the bottom 
layer in the separating funnel, as carbon disulphide is heavier than water. 

More examples ot separation of mixtures : 

(A) Separation of a mixture of powdered glass, sulphur and 
copper splphate : 

The separation of the components of the mixture is based on the 
following facts. 

(i) Sulphur IS soluble carbon disulphide. 

(lil Copper sulphate is soluble in water but insoluble in CS, 

(ill) Powdered glass is insolub’e in carbon di ulphidc as well as in water. 

The separation is shown in the tabular form. 


Mixture 

I Stirred thoroughly with sufficient quan 
I lity of carbon disulphide and filtered. 

4 I 

Filtrate Residue 

( soln. of sulphur m CS^ ) ( Copper sulphate -f glass ) 

I Evaporated to dryness | Shaken with hot 

Sulphur 

I 


water and filtered 


I 

Residue 
Powdered glass. 


Filtrate 

( soln. of CuSO^ ) 

4 Evapoiated tn a basin 
Copper sulpliate 

The componeatc of gun powder which ie • minture 
charcoal can be aeparated •imilarlv. 

(B) The separation of a mixture of sand, 
fillings and camphor. The Mixture 

I A magnet is brought near 


of sulphur, nitre and 

common salt, iron 


Iron fillings attracted by the magnet 


and separated 


Residue 


White sublimate 
{ camphor ) 


Filtrate 

Evaporated | 

common salt 


(sand 4- common salt + camphor sublimed) 

I 

Residue 

(• sand + common salt ) 
Filtered al\cr dissoKing in requisite 
quantity of hoi water. 

Residue 
i Dried 
sand 


2 



CHAPTER 2 

LAWS OP CHEMICAL COMBINATION : 

DALTON’S ATOMIC THEORY 

v/xhe terms fact, law. hvpothesis and theory are frequenMy used in 
the discussion of various scientific topics. So, the beginners should 
clearly know the meaning of the terms ,'\nd the distinction between 
them. 

Fact : ( Facts are those which without any exception proceed or 
happen in a definite manner.^ Thus, water is always convened into 
ice when subjected to cooling and is vapourised on heating. A piece 
of coal moistened with kerosene or petrol burns more easily and 
brightly in air than a pieje of ordinary coal. A fruit from a tree falls 
on the ground. The same has never been observed to go upwards 
when detached from a tree. All these instances described here arc 
familiar examples of facts. Facts can be perceived by our senses and 
can be verified by actual experiments. In fact, the aim of s::ience is 
to explain facts correctly and logically. 

U Law : By performing a series of experiments on similar facts 
and observing the results, the scientists arrive at certain general con- 
clusions which form the basis of a scientific law. 

The law in science is a gc^erjlisation of closely related facts in a 
simple and short statement- ^It is based on well thought experiments 
and careful ohserv itions- (In short, a law is the shortest description 
of experimentally verified facts^ Sometimes, a mathematical expression 
s ands for a law. ^ 

It is an observed fact that at constant temperature, the volume of 
a given mass of anv gas independent of its nature diminishes in a 
regular fashion with rise of pressure and increases when the pressure 
is decreased. The general statement on this fact is known as Bovle’s 
law, The observation on the fact that a fruit detached from a tree falls 
on ihe ground led to the formulation of one of the most important and 
fundamental laws of natural science i.e.^ law of gravitation. 

The law is true or valid so long as no fact in conflict with it is 
known and when such conflicting facts come to light, the law has to 
be amended or even discarded. 

/ Hypotheois : i, The speculation or assumption on the basis of which 
observed j acts ormriur.l Iws are expluined and correlated is called 
a hjpothesis^ Obviously, the term is b^d on imagination and not 
on experimentations. A hypothesis, though of speculative origin, is 
found to contribute much towards the development of science. It is 
not only able to explain facts already known but predicts new facts 
of related nature. 
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Theory : (.When the predictions followed from a hypothesis can 
stand the tests of experiments, the hypothesis attains the status of a 
theory Both hypothesis and theory are speculative terms ^ A theory 
must prove itself useful m the correlation or interpretation of known 
facts and prediction of new ones, the truth of which is to be experi 
mentally established 

When a theory fails to cope with Ih'' newly discovered fa^'ts or 
the theory makes predictions whuh when subie^ted to experimental 
verification are found to be inworrect^ the theory is either modified or 
abandoned in favour of anothe% 

It !• tg be noted tnat a la%^ lu s lence it a geaeralitatioD of otterved facto 
enlybita hypothetia is a term btted on tp^rulation which even gort beyond 
observed facto 

^Ut^heLaws of chemical combination: There are altogether live 
simple but fundamental laws whi^h govcin the combination of elements 
to form ompounds and Mic v.hemi^al reactions m general The laws 
are — 


(1) The Law of Conservation of Mass or Law of Tndestructi- 

bility of Matter fLaxoisier 1774) 

(2) The Law of Definite or Constant Proportions vProusi, 1799) 

(3) The Law of Multiple Proportions ( Dalton, 1303 ) 

(4) The law of Reciprocal Proportions or the Law of Comhi-> 

ning Weights (Richter, 1799) 

^>(5) The Law of Gaseous Volumes Gay Lussac, 1808) 


The IksI four laws are rela ed to the wtiglils of I’ e combining 
elements and are known is laws of 
stoichiometry The last one deals with 
the combination pts s bv volumes 
The Law of Conservation of Mass 
or Law of Indebtructibility of Matter : 

It lb oiiw of the nmst fiuidamen al laws 
of natural s icn c and firms the basis of 
all quantitative works in chemistry In 
nature, matter is undereouig innu 
merable changes but the total mass do^s 
not suffer any loss or gam due to these 
changes lavoisier established \he truth 
by performing a senes of experiments 
and enunciated a 1 iw which states 
(^In a chemical changg^ the sum of 
fhe masses of the readlps substances 
(reactants) is equal to^ the sum of the 
masses of the products.') 



Fig 1(1) LavoUier 


A matter can be chemically. transformed into some other substanoe 
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or substances having different characteristic properties but the total 
mass of matter accompanying a chemical change remains unaltered 
throughout the change. ( In other words, ihere can be no loss or gain oj 
matter as a result oJ a chemical reaction.^ As a matter of fact, the 
chemists have reasons to believe that the total quantity of matter in 
the universe remains constant and can in no way be altered during 
the changes taking place in its distribution. 

In a physical change also, a matter changes its state of aggression 
but the total mass remains the same as before the change has taken 
place. 

For obvious reasons, the law is also called the Law of Indestruc- 
tibility of matter and may be staled as^^Matter is indestructible and 
it can neithei he created nor desttoved by the application of any 
process^) 

Let the two substances A and B combine chemically to produce 
the subs' angles C and D, and if masses a and b of substances A and B , 
react to gi\e masses c and d of substances C and D, then according 
to this law, a + h = c-\-d. 

When iron and sulphur arc heated^ they combine together to 
form ferrous sulphide. If x gms of iron combine with y gms of sul 
phur to form r gms of ferrous sulphide^ it will be found that 

x+>’=r. 

Similarly, when a certain quantity of mercuric oxide ( p gms ) is 
decomposed on heating to produce m gms of mercury and n gms of 
oxygen, then p = m + «• 

But in certain changes (chemical as well as physical^ some 
apparent anomalies are observed. When a candle burns in air^ it 
gradually diminishes in size and ultimately disappears leaving practi- 
cally no visible residue behind. A piece of coa! on ignition continues 
burning and finally disappears almost completely. The weight of the 
residue which is left in ihe form of ash is much less than that of the 
original piece of coal. We shall get Ihe same result if a piece of 
sulphur is similarly ignited in air. 

When water is boiled, it entirely disappears A piece of camphor 
if left exposed to open air, a diminution in size and weight of the subs- 
tance is noticed. These arc some cf ilic familar changes where the 
mass appears to be lost and one may assume that matter has been 
destroyed in the above » uses. ^ 

Again, we come across some chemical reactions where the mass 
appears to be gained. An weighed piece of magnesium on being 
strongljj^eated in air burns with a brilliant light and leaves a white 
residue which is found to be heavier than the piece of magne- 
sium tak^. If a piece of iron of known weight is kept in moist air 
for some days, it is found that the welglht of the piece of iron geta 
increas6d«. Naturally, these observations may lead to the conclusion 
* that thte has been creation of matter in these instances and the law 
of cous^ation of mass does not hold good in some cases. 
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But if tite reasons that cause loss or gain to occur in a particular 
change are explained in the light of transformation of matter^ it is 
found that there ig no scope of doubt in the correctness of the law. 
The failure of the law is only apparent and the law is universally valid. 
The apparent departure from the law can be explained thus : 

(A) The consdtuent elements of wax of which the candle is made 
are carbon and hydrogen. During burning, these elements combine 
chemically with the oxygen of ihc air producing colourless volatile 
products — carbondioxide and water vapour respectively both of which 
disappear in the alorasphere. The candle appears to lose its weight 
as the colourless gaseous products escape. If the weights of the two 
gaseous products are taken correctly witli the help of suitable means, 
the same will be found to be equal to the weigh' of the candle taken 
and the weight of oxygen consumed during combustion e.g. 

Wt. of the wax-fwt. of oxygen = wt. of carbon dioxide +wt of 
water vapour 

Thus, it is proved that in the above chemical change^ the total 
mass of the reacting substances remains unaltered. 

(B) A piece of camphor is found to lose its weight gradually 
when kept in open air. Here, the loss in weight is also app^f^t and 
in no way contradictory to the law of conservation of mass. Camp lor 
IS a volatile solid substance which tends to be converted into its \apour 
c\en at the ordinary temperature. Camphor loses its weight as the 
A apour formed escapes in the atmosphere. If the combined weight of 
the vapour and the residual solid camphor is taken by a suitable 
method, it will be found equal to the weight of the piece of cam- 
phor originally taken The conversion of camphor to its vapour is a 
physical change. 

(C) Metallic magnesium gains in weight when ignited in air. 
1 he observed gain in we^^lht can easily be explained from the stand- 
point of the law of conservation of mass. During burning, magnesium 
unites with the oxygen of the air and is converted into magnesium 
oxide in tiie form of a white rc-sioue. The residue is found to be hea- 
vier as the mass of oxygen winch uas combined with ihc mdal is inclu- 
ded in getting the weignt of the product. Jt can be proved that the 
weight of magnesium oxide formed is equal to the sum of the weights 
of magnesium initially taken and the ox>gen used up in burning. 

(D) A piece of iron, if kept for a long Lime in moist air. is found 
to gain in weight. In this case, iron undergoes chemical reaction with 
oxygen and water vapour and is covered mainly with a layer of brown 
hydrated ferric oxide called rust. The weight of iron gets increased 
ns some amount of oxygen and^water vapour are added to it during 
rusting. 

As a matter of fact, no matter is created or destroyed in any 
change and the law of conservation of mass holds good in all sorts of 
chemical (including physical) changes. 
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ExperimeDtal Verification of the Law of Conservation of Mass : 

(1) Lavoisier’s Experiment : (Oxidation of metals) ; Lavoisier 
took a small piece of pure metallic tin in a small retort made of stout 

glass. The mouth of the retort 
was heated and sealed. The 
correct weight of the retort with 
its content was taken and recor- 
ded. The retort was then heated 
for a long time during which a 
part of the metallic tin was 
transformed into its oxide by 
reacting with the oxygen of the 
air present inside the retort. 
When the reaction was almost 
over, heating was discontinued. 
The closed retort was allowed to 
cool and weighed again. The 
weight of the retort was found 
to remain exactly the same as at 
first. Thus,theexperiment proves 
that iiispite of the conversion of 
metallic tin to the oxide by a 
chemical reaction, the total 
quantity of matter before and after the reaction, remains unaltered. 
So in this process, the matter has undergone a change, but no^ matter 
has been created or destroyed. 

A*, iff. The experiment %vhen repeated with Cu, Mg or any other oxiditable 
metal will ehow the same result. 

(2) Landolt’s Experiment : Landolt carried out a series of 
experiments which firmly established the truth of the law of conser 
vation of mass. For his experiments, he selec- 
ted reactions in which the evolution of beat is 
very small. Solutions c f ferrous sulphate and 
silver sulphate were plactd separately in the 
two limbs of an H-shaped tube which was then 
sealed by heating. After taking the accurate 
weight of the lube with its contents, the solu- 
tions in the two limbs were mixed up carefully 
by tilting the tube several times. As a result of 
a chemical reaction between the solutions of 
the reactants, metallic silver is precipitated and 
ferric sulphate is formed. 

Silver sulphate -h Ferrous sulphate = Si lver+ Ferric sulphate 

When the reaciiou was over, the H-lube was allowed to cool and 
weighed again. It was found by Landolt that the weight of the tube 
remained exactly the same as before. So, it is clear from the experi- 
ment that there has been no creation or destruction of matter but 
tmerely a redtstribution has taken place. The same experiment may 
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Fig. 1(3) 

Landoh's experiment 



Fig I (2) Lavoiaier'e experiment 
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be repeated by taking a solution of silver nitrate in one limb and the 
solution of sodium chloride in the other. When the solutions are mixed 
up, a reaction takes place producing white precipitate of silver chloride* 
Other product formed is sodium nitrate which remains in solution. 

Sodium chloride -I- Silver nitrate = Sodium nitrate 4- Silver chloride. 


(3) The Charcoal Experiment : A long necked round bottom 
flask IS fitted tightly with a rubber stopper through which two stout 
copper wires are passed. One of 
the wires ends in a spoon and a 
piece of pure charcoal ( sugar char- 


coal ) is kept in it. The other 
copper wire is introduced in such a 
way that its end remains veiy close 
to the spoon without touching it. 
The piece of charcoal is wound 
round by a thin platinum wire 
which ioins the copper viircs at 
their ends. A long glass tube fitted 
with a stopcock and bent at right 
angle is then introduced in the flask 
through the rubber cork. In the 
upper portion of the neck of the 
flask, there is a side ube provided 
also with a stopcock. With the help 
of the bent tube and the side tube, 
the flask is filled with oxygen by 
displacement of air. With the stop- 
cocks closed^ the whole apparatus 
with its conienis is carefully and 
accurately weighed. Now, the exter- 
nal ends of the copper wires are 
connected with the terminals of a 
battery. Thus the electric current 
is passed through the platinum 


COPPERWIRE 



wire which becomes red hot and 
the piece of charcoal being in con- 


Fig. 1(4) Chaxcual experiment 


tact with it is ignited and begins to 

burn to produce colourless carbon dioxide. Under the experimental 
conditions, carbon dioxide formed cannot escape in the air When 
all the carbon has disappeared^ the copper wires are disconnected from 
the battery The whole apparatus Js allowed to cool and weighed 
again. But it is found that inspite of the transformation of solid 
charcoal to a colourless gas —carbon di-oxide, the weight of the appa- 


ratus remains unchanged. 

It was natural for one to expect a loss in weight due to disappea- 
rance of charcoal but in reality, it was not so. Thus^ the experiment 
supports the validity of the law of indestructibility of matter. 


In placn ol charcoal, culphur, phocphoriia, magneaium etc., nay aUn bn need 
in the above experinent. la all case#, the nnn'inetala or metals will bn non<» 
verted into their visible or invisible oxidbs. 
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<4) Experiment on burning of a candle : (Partington’s cxpcri- 
^ment) ; A wide hard glass tube of suitable length is taken. The lower 

enp of the tube is dosed with a 
perforated cork upon which is 
placed a small candle. Almost 
near the other end, the lube is 
fitted with a copper wire gauze 
on which a few pieces of quick- 
lime covered with some caustic 
^oda slicks are kept. On closing 
ihe upper mouth of the tube 
wi!h a suitable rubber cork, the 
whole apparatus is suspended 
from the Icfi beam of a balance. 
The accurate weight of the 
apparatus is noted. The candle 
Fig. 1(5) Burning of candle jg thcD lighted and put quickly 
in its position. The candle burns and a partial vacuum is created 
inside the tube. As a result, air is drawn in through the perfora- 
tions of the cork and the regular supply of air keeps the candle burn- 
ing for some time. As the candle gradually disappears, one can 
reasonably expect a definite loss in the weight of the apparatus but in 
practice, the situation is ji'St the reverse. The beam of the balance 
is inclined in such a way that it records an increase in weight of the 
lube. This means that the weight gets increased with ttic gradual 
disappearance of the candle. 

During burning, the constituent elements carbon and hydrogen 
of the candle combine chemically with oxygen of the air and give off 
carbon dioxide and water vapour. Under the conditions of the experi- 
ment, the gaseous products thus formed Lannot escape but are absorbed 
by the caustic soda and lime kept on the wire gauze. Thus, the tube 
shows a gain in weight according to the amount of oxygen used up in 
the combustion. Here, the candle is not destroyed but converted mto 
other substances. 

(5) Experiment on rusting : A few pieces of clean 
iron pins (or an iron rod) are kepi panly immersed in 
small quantity of undisiiJlcd water taken in a wide glass 
tube ( or a small bottle ) as in Fig. 1 (6). 

The tube is made air-tight by a tightly 
fitting cork on its mouth. Now, the closed lube with its 
contents is accurately weighed and a' lowed to stand for 
some days. After a considerable period of time, it is 
noticed that the iron pins are covered with a thin brown 
layer (rust) The tube is then weighed again Although 
there has been a chemical change, the weight of the lube 
is found to remain unaltered. 

The brown layer appeared on the iron pins is noth- Pig. i(6) 
ing but hydrated ferric oxide ( rust ) formed as a result of 
chemical reaction between iron and the moist air inside the tube. 
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'Duriog rnsting, weight of iron pins is increased as oxygen is added 
to them but at the same time, the amount of oxygen consumed in 
rusting is decreased from the tube. So, the total quantity of matter 
before and af er the reaction remains the same. 

(b) Experiment on sublimation of camphor : A small quantity 
of camphor is taken in a long glass tube, the mouth of which is closed 
with a tightly fitting rubber cork. The tube with its content is accura- 
tely weighed. On healing the tube slightly, the camphor is directly 
converted into its vapour and is deposited in the form of solid in the 
upper cooler part of the tube. After cooling to the room temperature, 
the tube is weighed again. It is found that there is no difference 
between the two weights (i.e. the weight before heating and the same 
after heating) This experiment proves that the law of conservation 
of mass holds good in physical changes too provided arrangements arc 
perfectly made to weigh all the materials before and after the change. 

N B Modern idea of radiations hat however indicated that the law of 
conservation of maea it not perfectly true and it ttue only to a very high degree 
of (•pproximation Manv chemical reactions are actually acconopanied by very 
aiih>ht 4oaa or gain of weight which has been justified from the fact that mats 
and energy are interconvertible The equivalence of mass and erergy is expre- 
ased by instean'a equation. 

where h 3 :? energy, mass equivalent in gm, c-'the velocity of 

light=»3x 10 cm per sec. 

So the chemical change w^ere thfre is en emission of energy, fc. (usually 
in the form of heat) will be attended with a corresponding loss of mass equal 

to But in such a case also the sum total of mass and energy reniaine 

c* 

constant Thus, on the basis cf equivalence of mergr and mass, the law of 
conservation of mass may be stated in a modified foim as : 

The sum of mas.s and energv in every chemical reaction after the 
(him^e IS exactlc the s.nne is the sum of mass and energy before the 
ih ngf . 

It evident fr un the equation stated above that the change of H'^^sa due 
to conversion to energy is too small las c is veiy laige) and can safely be 
neglected in ordinary chemical reactions 

^ The Law of Definite or Constant Proportions : Tbe law states 

: 

Every compound is made up of some definite elements combined 
together in a fixed proportion by weight, 

The same compound may be obliiujd from different sources or 
^ an be prepared by applualion of different methods but it is an esta- 
blished fact ihat the composition of the particular compound iu its 
pure form is always the same a id does not vary with ihe methods of 
its preparation or the source from which it is collected. The law 
further implies that in each and every compound, the constituent 
elements are present in an mvaiiable weight to weight ratio which is 
a characteristic of the compound. 

Let a particular compound composed of two elements A and B 
be prepared by three different methods. In the first method, a gms, 
of A unite with b gms of B, in the second, jc gms of A Witt' 
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y gms of B and in the third method m gms of A combine with n gni» 


of B. Then in accordance with the law ~ ~ ^ 

0 y n 




lllnstrationB : (I ) Water is a compound which can be collected 
from a well, a river, a sea or from many other natural source^. 
Moreover, it may be artificially prepared by passing electric spark 
through a gaseous mixture of hydrogen and ox> gen or by passing 
hydrogen gas over heated cupric oxide. Now, no matter from what 
source it is obtained or by what method it is prepared, analysis of pure 
water will reveal that it consists only of two elements, hydrogen and 
oxygen combined together in the same ratio, 1 * 8 by weight (actuallv 
1*008 : 8). i.e. in water, I part by weight of hydrogen is invariably 
found to combine with 8 parts by the weight of oxygen. 

(2) Let us take the case of carbon dioxide. The gas can be 
prepared in a number of ways as stated below. 

(a) by burning caibon in oxygen 

^b) by heating sodium bicarbonate or calcium carbonate or 
(t) by treating limestone with dil. mineial acids (dil. HCl . 

Irrespective of the methods of prepaiation, carbon dioxide on 
analysis shows that it contains the elements caibon and oxygen on’y 
and the ratio by weight of carbon to oxygen is alwa>s fixed i c. 3 ; 8. 

^J^Experimental verification of the Law of Definite proportions : 

It is possible to prepare cupiic oxide by application oi three dfllercnt 
methods, such as 

Heated 

Copper nitrate >-Cupric oxide -b nitrogen dioxide+ oxygen 

Heated 

Copper carbonate ►Cupric oxide+ carbon dioxide 

Heated 

Copper hydroxide ^Cupric oxide 4 water. 

Three samples of pure cupric oxide obtained by healing three 

different compounds of 
copper arc taken and arc 
lebelled as sample No. 1 • 
sample No. 2, etc. The 
constant weight of a 
clean^ dry porcelain boat 
IS determined. A small 
amount (about 1 gm) of 
cupric oxide from sample 
No. 1 is taken in the boat 
and weighed again accu 
rately. Now the boat with 
its content is introduced 
into a hard glass combus 
lion tube clamped in a 
position, The mouths of the tube are closed with bored 


BLACK 

COPPER OXIDE 


WATER 



Fig, t(7) ExperitMent to verify the lew of 
definite proportions 
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corks fitted with an inlet and an exit tube. A slow stream of dry and 
pure hydrogen gas is passed through the inlet tube and the boat is 
strongly heated The gaseous hydrogen reduces the heated black 
cupric oxide to red metallic copper The water formed as one of the 
products escapes through the outlet tube in the form of steam 
Cu 0 +H, = Cu + H,0 

After the leaction is complete, the heating is stopped But the 
flow of hydrogen is continued till the combustion tube is cooled The 
boat with copper is taken out, cooled in a desiccator and weighed. 
The processes of heating, tooling in the desiccator and weighing are 
repeated until the boat attains a constant weight 

CalcuUtion — Let the wt of the porcelain boat==Wj gms 
Wt of porcelain boat -h Cupric oxide = W2 gms 
Wt of porcelain boat + Copper = W, gms 

Wt of cupric o\ide = (Wj - Wj) gms , wt of copper = 
(W, — Wj) gms and the wt of oxygen m cupric oxide=-(W2 — W^) — 
(W,-W^) gms =(W2'- Wj) gms 
• copper __ W3 — W ^ 

Wt of oxygen Wg — 

. ^ lOOxCW.-W^) ^ 

. . % of copper in cupric oxide=. — ^ and 

w j — W| 

. r ^ 100x(Wg--\\,) ^ Ay 

V of owgen in cupric oxide = — (V V' ~ - W 

The same experiment is repeated with cupric o\ide from sample 
Nos-2 and 3 It will be found that within the limits of experimental 
error, the percentages of copper and oxygen and ratio ( by wt ) of 
copper to oxygen in all the samples aie the same 1 hus the iruih of 
the law of dchniie proportions i^> pro\ed 


N B It may be noted here that (1) The law of delinite proportion* la 
implied in the very definition of a compouno A i ompoud la thus a eub*** 

tance formed by the union of two or more elements in fixed and definite pro. 

portions by weight No co npouad h« ever been known to have a variable 1 e 
composition 

^ (2) ihe converse of the law of (kfmite proportions i.e the eletr ents combined 

'^bemrcsllv m a fixed proportion by weight will form the s me compound ts 
not always true It is known that in some cases two or more compouncs may 

have the same compoMtion b> weight Ihe compounds possfssing identirnl 

chemical composition but having different chemical properties are cal ed laomeya 

/ yNH, 

and the the phenomenon is known as isomerism Lrea 10=^0 . 

and ammonium cyanate fNH 4 CNO) are found to contaio the same elementv 
combined in tie same weight ratios but they aie entirely different compourds 
with different properties 1 he existenea tf isomers is ticquently obseived 
in organic con } ounda 

^ (3) Discovery of isotopes of elements has set a limit to the validity of 

the law It IS now known that most of the ordinary elements consist of a 
iDixturre of isotopes 1 e the atoms with ident cal chemical properties but mth 
different atomic weights (mass) and these dilfeiencrs in atomic weights may 
sigmtioantly effect the chemical composition of a substance, for example, twt^ 
istMopic forms of hydrogen called ordinary and heaxy hydroitcii are khOwn, 
The atoms of heavy hydrogen weigh twice as much as of the oodinary hydfege^, 
Thue, if water contains varying proportione of the twtt varieties ot gle 

composition by weight may not always «be the same. Again, oxygegt 
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afleaat three Seotopie forme with etome of diff«enl weitfble i e, 16. 17 and 19. 
Coneequeiitly. a epedmen of cupric oxide containing a predominajing amouiM 
of one particular itotope of oaygen will have a composition bv weight alignlly 

different from a epedmen which contame more of another leetope. Of courea. 

eucK variation in compoeition ie very rareW met with By and large, the re 
proportiono of the varioua leotopee in any compound remain the eame. a a 
ra«utt. the compoeition of the compound by weight temaine unaltafed ana the 
lavr ot conetant proportions generally holds good. However, the eaietence o 
iaotopy. neceeaiates some modiftcetion in the alatemvnt of ^ the * 

li*-il form of the law of constant or definite prof ortione ie ee fallows. 

A given chem cal compound always contains the same isotopet or a inixture 
of is-itopea of the constituent elements united in the same definite proportions 

of Multiple Proportions ; The law states ; When two 
elementB combine chemically to form two or more compounds, the 
different weights of one of the elements that combine with* a fixed 
weight of the other element bear to each other a simple ratio of 

small whole numbers. . . j 

illusirations (1) When combined chemically, hydrogen and 
-oxygen form two different compounds, viz. water and hydrogen 

peroxide. ^ i 

In water. 2 parts by wei^t oi^ hydrogen combine with i o parts 
by weight of oxygen and in hydrogen peroxide. 2 parts by weight of 
liydrogen combine with 32 parts by weight of oxygen. (It is better 
to say 2*016 parts by wt. of hydrogen.) 

So, it is found that different weights of oxygen (viz. 16 and 32 
parts) which unite with a fixed weight (2 parts) of hydrogen to form 
the compounds referred to are in the ratio of 16 : 32 or 1 ^2 whicn 
is a simple ratio of small whole numbers 

Alternatively, the different weights of hydrogen that combine with 
the constant weight of oxygen (Imparts) arc in the ratio of 2 : 1 . 

(21 Carbon and oxygen combine together to form two oxides, 
carbon monoxide and carbon dioxide. Chemical analysis shows tha 
in carbon monoxide, ratio of the weights of carbon to oxygen is 
12: 16. Again in carbon dioxide, the ratio of the weights of carbon 

to oxygen is 12 : 32- , ... 

The weights of oxygen which combine with the same weight 
of carbon 1 6 form these oxides bear to one another the simple ratio 
16: 32 or I ; 2. In a similar manner, it is found that the diltcrent 
weights of carbon that combine with the fixed weight of oxygen (16 
parts) are in the ratio of 1 2 : 6 or 2 : 1. 

\ (3) Nitrogen forms as many as five s'able oxides and it is 

^ound that the composition of the oxides of nitrogen illustrates the law 

of multiple proportions. . . u ^ 

^ ^ ’ Composiuon by weight 


(a) 

(b) 

u 

<e) 


Compounds 

Nitrogen : Oxygen 

Nitrous oxdide 28 : 16 

Nitric oxide 14 : 16 

Nitrogen trioxide 28 ; 48 

Nitrogen dioxide 14 : 32 

Nitrogen pentoxi# 28 ; SO 


or, 


Nitrogen 
14 
14 
14 
14 
14 


Oxygen 

8 

16 

24 

32 

40 
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*. The dlfTerent weights of oxygen combining with a definite 
weight (14 parts) of nitrogen arc in the ratio of 8 : 16 ; 24 : 32 ; 40 
or 1 ; 2 : 3 : 4 : 5. This is a simple integral ratio in accordance with 
the law. 

(4) The result of chemical analysis of two campounds formed by 
iron and chlorine is as foP jws 

Compounds Ratio of weights 

Iron . Clilonns 

(a) Ferrous chloride 56: 71 

(b) Ferric chloride 56 : 1 06 5 

Hence the different weight of chlorine (m 3 71 and 106 5 parts) 

which Bnitc with a fixed weight of iron (56 partsl are in the simple 
ratio of 2 : 3. 

(5) Tnc analytical result of the thiee oxides of lead is gi\ca 
below 

CompouT\ds Ratio oj weights 

Lead : Oxygen 

(a) Litherge 107 2 16 oi 107 2 16 

(b) Lead peroxiodc 107 2 * 32 53 6 * 16 

^c) Red lead 321 6 64 80 4 • 16 

Hence, 16 parts by weight of oxygen combine rcspeclnely with 

107-2 53 6 and 80 4 parts by weight of lead It means that a simple 
ratio 4*2:3 exists between the weights of lead that combine with 
the same weight of oxygen 

. Experimental verification of the law of Multiple proportions : 

Wc know that copper and oxygen combine together to form two oxides 
\iz, black cupric oxide (CuO) and red cuprous oxide (Cu,0) 

The constant weights of two dried, well-cleaned porcelain boats 
are determined. In one of them <^say boat No 1)^ a little dry and 
pure sample of cupric oxide and in the other (boat'No 2), a little dry 
and pure samptc or cuprous oxide are taken. The accurate weights df 
the two boats with their contents are taken separately. Two boats with 
the difierent oxides arc rhcii placed side by vSide m a hard glass con^- 
bustion tube clamped honrontaliy. Bo’h the ojicn ends of the combus- 
lion tube are closed with iwo corks through which two glass tubes ant 
attached One of the tubes is used as an inlet for hydrogen and the 
other as an outlet for steam. 

Now, the boats are \erv strongly heated b> means of Bunsen 
burners while a slow stream of dry and pure hydrogen is passed 
through the inlet tube Under the experimental conditions, hydrogen 
reduces both the copper oxides to rnttallic copper and itself being 
oxidised to steam escapes through »he outlet tube. 

CuO-|-H,«:Cu+H,0 , ruaO+H,=-2Cu + H20 

When the reaction is complete, heating is stopped The flow of 
hydrogen is maintained for sometimes while the combustion tube and 
the boats arc allowed to cool. The two boats arc then taksKi out» 
cooled in a desiccator and accurate weight% of the boats with tbeir 
contents (metallic copper) are taken. 
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Calculations : Let the wt. of porcelain boat No 1 = Wj gms. 

Constant wt. of boat No 1 + Cupric oxide *= W, gms. 

„ ,, ,, „ „ + Copper=W, gms. 

/. Wt. of cupric oxide =(Wj — W|) gms. 

and wt. of copper =(W, — W^) gms. 

Wt of oxygen in cupric oxide — Wj) — (W3 — Wj) 

= (W,-W,) gms. 

That is to say, (Wg - W,) gms of oxygen combine with (W, - W^) 
^ms of copper to form cupric oxide. 

W — W 

1 gm of oxygen will combine with ^ ^ gms or x gms of 

— W3 

copper. 

Similarly, let the constant wt of boat No 2 = a gms 
Wf of boat No 2 + Cuprous oxide = Z> gms 
Wt of boat No 2+ Copper =e gms 

Wt of copper^fc — gras and wt of oxygen = — gms 

SOj (b — c) gms of oxygen unite with (c — u) gms of copper to 
form cuprous oxide. 

/. 1 gm of oxygen will combine with ^ gms or v gms of 

o — C‘ 

copper. 

Experimental results show that the ratio of the different weights 
of copper (x and v gms) in the two oxides combining with ^the fixed 
wt of Oxygen will come out as 1 : 2. Thus, the law is experimentally ^ 
verified. 

N. }i. When the conipounda formed hy the rhemical combination of two 
elementa are many and are not aimpfe chemically, the ratio worked outaa above 
may not remain of email ^\hole nuriibera. Aa for example, carb >n and hydro- 
gen can form a large number of compounda called hvdrocarbona When the 
hydrocarbona butene, pentaoe and hexane are analyaed. it ia found that I 2 
parta by weight of carbon combine lespectively with 2'5, 2*4 and 2 33 parta by 
weight of hydrogen These figurej clearly donot have a aimple ratio of email 
whole numbera. Again, the ana ytical reaulta of methane and decare ehow that 
the amounta of hydrogen that combine with a definite quantity of carbon in 
theae two compounda are in the ratio of 20 . 11. Thia can hardly be regarded 
aa a aimple ratio of email integera 

It ahould also be kept in mind that the law of multip'e proportiona aa 
etated earlier ia strictly applicable only if we consider such compounds whic « 
are form.-d from the same isotopes of ths concerned elements or from a mixture 
of the isotopes cf fixed composition. 

W The Law of Reciprocal proportions : The law is enunciated thus : 
^he weights of two or more different elements which separately com- 
bine with a fixed weight of another element are either the same as or 
are simple multiples or submultiples of the weights of these different 
elements when they combine with each other. In other words the 
proportions in which any two elemenis combine with a third element 
arc the proportions or simple multiple (or submultiplc) of the pro- 
portions in which they combine amongst themselves. 

Explanation : Let a and b gms of two different elements X and 
Y respectively react with c gms of another clemend Z. Now if X and 
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Y combine together^ the ratio by weight in which they do so will either 
be a : b or a simple multiple of the ratio of the weights of X and Y 
which combine with a constant weight of Z i.e. ma : nb ( where m 
and n are simple, whole numbers 


,C(3 0) 


<1008)H . 



Illustrations : (1) The elements carbon and oxygen combine 
with hydrogen separately to form 
methane and water respectively. Chemi- 
cal analysis reveals that in methane, the 
ratio of the wts of hydrogen to carbon 
is 4 : 12 or 1 ; 3, Again, in wa’er. the 
weight ratio of hydrogen to oxygen is 
1 : 8. Thus, in two compounds, 3 parts 
by weight of carbon and 8 parts by 
weight of oxygen have separately combi- 
ned with a constant weight of hydrogen 
(I part). 

According to this law, if carbon 
and oxygen combine at all, they must do 

so either (i) in the ratio of 3:8 or (ii) in its simple multiples ( or ' 
«ub-multiples). Now carbon is known to combine with oxygen to 
give two different compounds — carbon dioxide and carbon monoxide. 
Ill carbon dioxide, the ratio of the weights of carbon to oxygen ia 
1 2 : 32 or 3 ; 8^ which is the same as predicted by the law. In car- 
bon monoxide, 12 parts by weight of carbon unite with 16 parts by 
weight of oxygen. 


orsitf 


Fig. 1(8) 


/. the weight ratio of carbon to oxygen is 12 : 16 or 6 ; 8 (6 is 
a multiple of the first i.e. 3). This has been depicted clearly in fie. 

1 (8) taking H = 1 008. 

\^2) The two elements oxygen and sulphur separately combine 
with carbon to give two compounds — carbon dioxide and carbon 
disulphide. 

In carbon dioxide^ wt of carbon : wl of oxygen 12 ; 32 and in 
carbon disulphide, wt of carbon : wt of sulphur= 12 ; 64. Therefore, 
s ilphur and oxygen should combine in the ratio of 64 : 32 or 2 ; 1 
»'r in their simple multiples. Wc know that sulphur combines with 
oxygen to give two oxides — sulphur dioxide and sulphur trioxide. 

In sulphur dioxide, wt of sulphur : wt of oxygen=32 : 32 or 

2 : 2 or 2 : 1 x2 fa multiple of the latter) and in sulphur trioxide, 
w't of sulphur : wt of oxygen =*32 ; 48 or 2 : 3 i e. 2 : (1 x 3) [3 is 
a multiple of I ]. ^ 

(.3) 31 parts by the weight of phosphorus combine with 

3 X 35-5 parts by the weight of chlorine to form the compound phos- 
phorus trichloride and 31 parts bv weight of phosphorus and 3 parts 
by weight of hydrogen react together to form the con«pouiid named 
phosphine. The weights of hydrogen and chlorine winch combine 
with the same weight, viz. 31 parts of ptosphorus, are in the ratio 
3 : 106*5 or 1 : 35-5, Therefore if hydmgen and chlorine happen 
to combine chemically^ they will do so in the proportion of 1 : 35*5 
or its simple multiples. Actual experiment shows that the weight 
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ratio of hydrogen to chlorine in hydrogen- chloride is 1 : 35*3 which 
illustrates the law. 

An important consequence of the law of reciprocal pro- 
portions is the emergence of the idea of combining weights or equiva- 
I^t weights and this is why this law mjy taken as a special case 
of law of equivalent proportions. This Jaw for the first time pointed 
to the relationsliip between the weights of various elements when they 
combine amongst themsehes. 

It is found that oxygen can easily combine with very many 
elements and it we analyse some of the binary compounds of oxygen 
wefindtliai * 

8 parts by wt. of ox^rgen combine with 1 008 parts by wt. of hydrogen 
8 parts by wt. of oxygen combine with 35*46 parts by wt. of chlorine 
and 8 parts by wt. of oxygen combine with 20*00 parts by wt. of 
calcium. 

Now if the fixed weight referred to m the statement of the law is 
8*00 parts by wt. of oxygen^ the elements on the right hand side shall 
combine fif they combine at all) in the proportions of the said wts or 
simple multiples thereof. Analytical data reveal that 20*0 parts by 
wt. of calcium will combine with 1*008 parts by wL. of hydrogen or 
35*46 parts by wt. of chlorine. 

The numerical figures given in the bracket [ vide fig I (*>) ] arc 

called the equivalent or combining 
weights of the elements and it will 
be evident that the elements when 
combine will do so in the propor- 
tion of their combining weights. 
The subject will be discussed in 
detail in chapter 5 (Group A) of 
this book. 

(J^^aw of gaseous volumes or 
Law of combining volumes — Gaj 
Lussa/s law Gay Lussac in a 
large number of expenmeiits with gisv.s noted Iheir \olumes and 
eniincidtcd a law of chemical cumbiadtiou known as Gay Lussac’s 
law. The slates — Under the same conditions of temperature and 

pressure, i'wts or more gases combine chemically in simple ratios by 
volumes and the volumes of the products if gaseous also bear a 
simple relation to the volumes of the reacting gases. 

Illustrations : Actual CApenments show that under the identical 
conditions of temperature and pressure — 

(1) 1 vol. of hydrogen and 1 vol, of whlorine combine chemi> 


E 

+: 

Ob 

II 

RQ 



R 


I vol of 1 vol of 2 vot* of 
hydrogen chlorine bydiogen chloride 
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cally to give 2 vols of hydrogen chloride. Thus, the ratio of the vols 
of these gases is H : Cl : UCl = 1:1:2, which is a simple ratio in 
accordance with the law.^ 

(2) 2 vols of hydrogen and 1 vol. of oxygen on chemical 

combination produce 2 vols of steam. Vols of the reacting gases 
and the product bear a simple ratio to one another i.e. 2: 1:2: 


0+CE]+C3=(“ 


HtO 


V. _J 

2 vols of 1 vol ot 2 vols of 

hydrogen oxygen steam 


f3) 1 vol. of nitrogen and 3 vols of hydrogen combine to form 

2 vols of ammonia ratio of the vols of the gases is 1 : 3 • 2, Thus, 
the above examples prove the validity of the law beyond any doubt. 



Q-Q-Q=( NIU I WH»| 


! I 

f of 3 vola of hydrogOA 2 of 

■itrog«>ii amaioaift 

Of the laws of chemical combination^ only Gay Lussac^s law deals 
with the vols of the reacting gases and it 
will be shown shortly th it this law ^annol 
be explained wiili the help of Dalton’s 
atomiw th 'oiy 

U;:i^on8ti»utioa of matter — Dalton’s 
Atomic theory The idea that matter is 
composed of txtiemely small and ir divisible 
parti Jes was even held by the eaily Greek 
and Indian philosophers In fact^ the term 
"atom for su..h a partible originated from 
the Greek meaning ‘not divided’ However^ 

John Dalton was the first scientist to give 
a definite shape to the concept of the early 
thinkers and proposed a theory co^iceraing 
the ultimate constitution of matter. This 
'theory is called Dalton's atomic theory. 

It IS a fdwt that in the light of present 
scientific information^ the theory is no 
longer acceptable m its onganal form and some of its assumptiona 
have already undergone modification. But Balton^ atomic theory is 
still regarded as the very foundation of the development of modem 
sciences in general and chemistry in particular 
3 
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^Baric aMiiiDptloiia or iiostiilatea of Dalton’s atomk theory : 

(1) Every matter is discrete and is made up of indeiiniteTy small, 
real particles called atoms which are incapable of being subdivided. 
In other words, atoms are the smallest 'ultimate particles that build 
up a matter. 

(2) Atoms of an element cannot be created, destroyed or 
changed into another in course of a chemical change. 

(3) All the atoms of the same element are equal in weights, size 
etc., and possess identical properties. Atoms of different elements 
have different weights and different characteristic properties. The 
properties of matter denote the properties of its atoms. 

(4) Chemical combination between two or more reacting ele- 
ments results from the union of atoms of these elements in definite 
numerical proportions i.e. in simple ratio of whole numbers such as 
1 : 1, 1 : 2. 2 : 3 etc. 

(5) The ratio of the combining weights of the constituent ele- 
ments in a compound represents the ratio of the combining weights 
of their atoms. 

According to Dalton, an atom is the smallest indivisible particle 
of an element which can take part in a chemical change. 

Critical study of the theory — Explanation of the laws of chemical 
combination in the iight of Dalton’s atomic theory : 

Various laws of chemical combination by weight can be explained 
in a simple and convincing way with the help of Dalton’s atdinic theory. 

vt^) The law of Indestructibility of matter or law of conserva 
tion of mass : According to Dalton’s atomic theory, matter is com- 
posed of its innumerable nuniber of atoms which cannot be created, 
destroyed or subdivided during a chemical change. The theory also 
demands that an atom is a definite particle with a definite mass. 

A chemical reaction simply involves redistribution or rearrange- 
ment of various atoms of matter and the total number of atoms taking 
part in a chemical process before and after the change will remain 
unaltered. If it is so, the sum of the masses of the constituent atoms 
of the reacting substances will be equal to the masses of the atoms of 
the products. This implies that the total mass of a chemical system 
will remain constant. It is exactly what the law of conservation of 
mass signifies. 

^^(B) The Law of Definite or Constant proportions : 

Dalton’s atomic theory states that a chemical compotmd is always 
formed by the union of atoms of two or more elements in a fixed ratio 
of simple whole numbers. As every atom of an element has a fixed 
weight, it means that the constituent elements of a compound must 
essentially bear a constant ratio by weight. 

Let two elements A and B chemically combine to form a com- 
pound and let x atoms of A unite with y atoms of B to give the com- 
pound AxBy. Now if a and b stand respectively for the weight of one 
atom of A and one atom of then in the compound AxBy^ x, y are 
always definite whole numbers and n, b are also invariable or constants. 
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So, the comi>oiind under consideration will contain ax parts by the 
weight of A and by parts by the wei^t of B. In other words, the ratio 
of the relative weights of the combining elements A and B in the com- 


pound AxBy is constant 

. Wt. of A 
i.e., 


ax 


= Constant. 


Wt. ofB by 

In this way, we can arrive at the conclusion that each compound 
has an invariable composition. Thus, the law of definite or constant 
proportions is explained logically by Dalton’s atomic theory. 


^'{C) The Law of Multiple Proportions : Let two elements A and 
B combine chemically and form more than one compound. The 
atoms are indivisible and according to Dalton’s atomic theory, the 
formation of each of the compounds of A and B will take place by 
chemical interaction of an integral number of atoms of A with an 
integral number of atoms of B or the compounds are formed by the 
union of atoms of two elements in simple numerical proportions. 

Let us suppose further that 1 atom of A combines with 1 atom 
of B to give the compound AB ; 1 atom of A combines with 2 atoms 
of B to form the compound AB, and 2 atoms of A combine with 3 
atoms of B to ^ve the compound A^B,. Let a and b denote the weight 
of 1 atom of A and that of one atom of B respectively. Since all atoms 
of the same element possess equal weight, a and b must have fixed 


values. 


(i) Now in the compound AB, 

a parts by wt. of A combine with b parts by wt. of B. 

(ii) in the compound AB,, 

a parts by wt. of A unite with 2b parts by wt of B and 
(ill) in the compound A,B,, 

2a parts by wt of A combine with 3b parts by wt of B. 

3b 

or a parts by wt of A combine with parts by wt of B 

Therefore, the wts of B which combine with a fixed or constant 

3h 3 

wt of A {a part) are as 6 : 2b • — ^or, 1:2: -^or, 2:4: 3 

which is a simple ratio of small whole numbers. Thus^ the law of 
multiple proportions is explained and proved from Dalton s theory. 
t-^D) The Law of Reciprocal Proportions : 

Let a, h and c represent the weight of 1 atom of each of the 
elements A, B, and C respectively. Let us suppose that 1 atom of A 
combines with I atom of B to give a compound AB and 1 atom of A 
can separately combine with 1 atom of C to from a compound AC. 
Therefore, a parts by the Wt of A separately combine with h parts by 
the wt of B and c parts by the wt of C. Now if B and C combine 
together, then atoms being indivisible, the resulting ^mpound will 
consist of either (i) at least 1 atom of B and 1 atom of C to give the 
compound BC or (ii) x atoms of B and y atoms of C to fora 
compound BxCy {x and y are positive integers). We mow that tw 
atoms of an element have invariable weis^ So in the first case, in 
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the compound BC, b parts by wt of B combine with c parts by vn 
ofC. 

Thus, it is found that the wts. in which B and C themselves com- 
bine are the same as the weights in which B and C separately com 
bine with the constant weight (a part) of A. 

In the second case, the compound BxCy would contain x x parts 
by the wt of B and cy.y parts by the wt of C, Now by.x and c x v 
are simple multiples of and respectively as jc and y are small 
positive integers. Hence the weights in which B and C combine 
together are simple multiples of the weights in which B and C sepa 
lately combine with the constant weight (a part) of A. 

This leads to the conclusion that combining weights of two 
elements arc cither the same or simple multiples of the weights in 
which they combine with the fixed weight of a third element and hence 
the law^^ derived from Dalton’s atomic theory. 

of Dalton’s Atomic theory : 

(1) The atomic theory as introduced by John Dalton marks the* 
inception of a new era in chemical thinking and is the first 
attempt to place the corpuscular concept of matter upon a scientili: 
basis. The quantitative concept of matter during a cnemical change' 
is also derived from the theory. 

(2) Dalton’s atomic theory succeeds in explaining the laws of 
chemical combination with the exception of law of gaseous \bo1umes. 

(3) The postulate that the atoms of the same element arc 
identical with each other in weights and show similar properties help> 
in expressing the chemical reactions by equations. With the introduc 
tion of atomic weights, the caloulations as to the relative masses of 
substances entering into a chemical combination become easier. 

(4) The assumption of Dalton that the atom is the smallest 
unit in all chemical reactions gave the impetus to subsequent 
researches in chemistry. 


^/Limitations of Dalton’s Atomic theory— its present position : 
-(l) According to Dalton, an atom stands for the smallest particle of 
any kind of mailer. He did not make any distinction between the 
smallest part^cle^ of an element and a compound. The indiscriminate 
use of the word ‘atom’ subsequently led to serious complications. 

(2) The theory fails to explain at least one of the fundamental laws of 
chemical combination i.c., Gay Lussac’s law of gaseous volumes. 

(3) The assumption that the atom is the ultimate indivisible particle 
of matter is not supported by modem investigations. The complexity 
of the atom became increasingly apparent with the di:»covery of radio- 
activity, various types of radiations, electrons, and a number of sub 
atomic particles. It is now proved beyond any doubt that an atom is 
composed of some other smaller particles like electron, proton, neutron, 
positron etc. Further, modern discoveries have proved that the atoms 
really get divided during nuclear reactions, radio active changes, 
electrical discharges etc. 

It Is now known that chemical combinations' take place by the 
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shifting of electrons from one atom to other. So, strictly speaking, 
even in a chemical change, the atom is not indivisible But since the 
transference of electrons does not cause any appreciable change in the 
weight of the atom, the indivisibility of the atom is not seriously 
affected and we may safely take that atoms are indivisible in chemical 
reactions. (4) The important postulate that the atoms of the same 
element are identical with each other in weight has also been proved 
erroneous with the discovery of isotopes. It is now known that atoms 
of the same element having different atomic weights may exist. Further^ 
the discovery of isobars has proved that the atoms of different elements 
with altogether different chemical properties may have the same 
atomic weight. 

Atomic weight : One of the postulates of Dalton’s atomic theory 
is that the atom of a given clement has a dehnite and constant weight. 
Atoms are extremely minute particles and the actual weight (mass) 
of an atom is too small to be determined by direct weighing. It has 
been calculated that the actual weight of one atom of the lightest 
element hydrogen is 1*66 x 10“** gm, and that of uranium, the hea- 
viest stable element, is 3*85 x 10**^ gm only. So, for all practical 
purposes, these insignificant quantities cannot be suitably used in 
chemical calculations. But the difficulties in this respect are overcome 
if the comparative values for the weights of the atoms of the different 
elements are used instead of their actual weights. Moreover^ it is con- 
\ ciiienl to determine the weight of one atom of an element relative to 
that of an atom of a standard element which has been assigned a difi- 
nite value. Accordingly, 

Atomic weight of an element 

_ wei ght of one atom of the element 

weight of one atom of th^ standard element 

Thus, the atomic weight is a ratio- It does not signify the actual 
weight of an atom of the element and has no unit- 

Initially, the weight of an atom of hydrogen, the lightest known 
element, was chosen as the standard for comparison by Dalton and 
the weight of one atom of hydrogen was taken as 1 . Thus, 

— ^he atomic weight of an element expresses a number which 
shows how many times an atom of the element is heavier than one 
atom of hydrogen, taking the weight of an atom of hydrogen as unity. 

The atomic weight of nitrogen is 14. It means that the weight of 
one atom of nitrogen is 14 times the weight of one hydrogen atom. 
On the same standard, the atomic weights of chlorine, sulphur, sodium 
are 35*5, 32*00 and 23*00 rfespectively. 

Subsequently, it was found more convenient to take oxygen as 
the standard for determining the atomic weights of other elements 
(the atomic wight of oxygen taken to be 16-00). So on the oxygen 
standard or oxygen scale, the atomic weight of an element is de^ed 
as follows : 

^ The atomic weight of an element is the weight of an atom of the 
elmnent as compared with the w^ght of one atom of oxygen taken an 
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16*00. Alternatively, the atomic weight of an element ia a number 
which represents ho«r many times an atom of the element is heavier 
than one sixteenth part of the weight of an oxygen atom. 


Atomic weight = 


weight of one atom of the element 

'/^^th part of the weight of one oxygen atom 


weight of one atom of the element - , 

. — - — ' — X 16 

weight of one atom of oxygen 


Here, weight of an oxygen atom has been taken 

as unit of comparison. On this scale, the atomic weights of hydrogen, 
chlorincj^^rbon, nitrogen, sodium are 1*008, 35*457, 12*01, 14*008, 
22*993^fespcctively. 

for acceptance of oxygen as standard : (1) It is much 
more easy to prepare compounds with oxygen than with hydrogen. 
Generally hydrogen does not form well defined compounds with 
metals. 


(2) If hydrogen atom, the lightest of all elements, is used as a 
standard for comparison, small experimental errors are likely to be 
magnified. 

(3) The atomic weights of most elements come very near to 
whole numbers when oxygen is taken as 16*00. But this is not the 
case when hydrogen is taken as a substance for comparison. 


The oxygen 16*000 standard remained in use until 1961 when it 
was replaced. At present, carbon atom with its weight (ma^s) equal 
to 12*00 has been accepted as the standard of determining atomic 
weights in place of oxygen. Therefore, the atomic weight according to 
the modern standard, is defined thus — 


relative weight of one atom of an element with respect to the 
weight of one carbon atom taken as 12 00 is referred to as the atomic 
weight of the element- Here^ one-twelfih pan of me weigh l of a 
carbon atom (C= 12) has been taken as the unit. 


The acceptance of C=12 as the standard in lieu of 0=16 was 
an outcome of the discovery that ordinary oxygen consists of a mixture 
of three isotopes weighing 16, 17 and 18 on the oxygen atomic weight 
scale. The oxygen 16*000 standard was then considered to be unsui 
table since the standard (0=16) itself represented only an average 
weight of the mixture of natural isotopes constituting the gaseous 
oxygen and the atomic weight of any element would depend on the 
isotopic composition of oxygen employed as the standard. It was 
reasonably thought to choose a single isotope of an element as the 
standard which would remain perfectly constant. The carbon-12 
isotope, the commonest isotope of carbon, has finally been selected 
as the present standard. This standard has an additional advantage 
that its adoption has least affected the values of atomic weights of 
various elements determined on the basis of old oxygen scale. As for 
example, on the new carbon scale, the atomic weight of oxygen is 
15*999415. This makes a very little difTerence, 

In the light of isotopy, the atomic weight is the average relative 
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weight of one atom of an element as compared with the wight of a 
cafbon-12 isotope- 

The word 'average* in the above definition covers all the isot<^ic 
forms of the same element. The atomic weight of an element is the 
average of the relative weights of all its isotopes. For example^ the 
atomic weight of chlorine is 35-46. It signifies the average relative 
weight of one atom of chlorine as ordinary chlorine consists of two 
kinds of isotopes present in the proportion of about 3 : 1 having 
atomic weights 35 and 37. 

The smallest weight of the element present in a number of com- 
pounds formed by it may also be called the atomic weight of the 
element. 

The ■tudente at the Higher Secondary atage may use the values of atomic 
weicbts obtained on the oxygen scale. Even for simplicity in chemical calcula- 
tions. the beginners are sometimes allowed to use H>i 1 . Cl 33*5. N^s 14 etc. 

Atomic mass unit (a m* u ) : Nowadays, atomic mass unit has 
been introduced to express the mass of a single atom of the respective 
element where^ 

= '•^th of the mass of a carbon atom 

Mass of a hydrogen atom= 1-008 amu 

= 1-008 X 1-6603x10-** gm 
Or, 1-673X 10“** gm. 

Mass of one oxygen atom = 16 amu= 16 x 1*6603 x 10“** gm. 

= 2-66xl0-*» gm. 

^ ' (iram-atomic weight or gram-atom : A quantity in grams which 
is numerically equal to the atomic weight of an element is known as 
the gram atomic weight of the particular element. In short, gram 
atomic weight or gram-atom of an element is its atomic weight eiqiro- 
ased in grams. 

Thus, 16 gms of oxygen stand for one gram-atom of oxygen. 
1 gm-atom of hydrogen = 1-008 gms of hydrogen, 1 gm-atom of 
carbon = 12 00 gms of carbon. 

Numerical examples 

On tMe law of Definite Proportions : 

\ ^ compound. 30 gms of it on analysis give 10 gms of 

Wdiement ‘A’ and 20 gms of anotherelemeni ‘B*. If 1 5 gms of A 
and 50 gms of B are mixed and reacted, what weight of C will be 
produced and what will be the total weight of the mixed substances. 

[ W. B. H. S. 1980 ] 

30 gms of on analysis give 10 gms of A and 20 gms of B. 

According to the law of definite proportions, 

Weight of A _ 10 gms _ 1 
Weight of to 20 gms ”2. 

Or, the ratio between the weights ot A and B is 1 : 2 
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So, 15 gms of A combioe with 2x15 or SOgmsof B to give 
15+30 or 45 gms of C. and the amount of B remaining unreacted= 
SO— 30=20 gms. 

/, Total weight of the mixed substances =45 +20 =65 gms. 

(2) Silver chloride obtained by three different methods gave the 
following results on analysis : — 

(i) 79*95 g. of silver chloride contain 60*18 g. of silver 

(ii) 108*1552 g. of silver chloride contain 81*41 1 g. of silver 

(iii) 69-6558 g. of silver chloride contain 52*423 g. of silver 
Show that these figures illustrate the law of constant proportions. 

In sample (i), 

79-95 g. of silver chloride contain 60*18 g. silver 

100 g. of silver chloride contain — or 75-2?2 g. 

silver 

100 g. of silver chloride contain (100-75*272) or 24*728 g. 

chlorine. 

In sample (ii), 

108*1552 g. of silver chloride contain 81 411 g. of silver 
100 g. of silver chloride contain or 75*271 g. 

silver 

100 g. of silver chloride contain (100 — 75*271) or 24*729 g. 

chlorine 

In sample (iii) • 

69*6558 g. silver chloride contain 52*423 g. silver 

/. 100 g. silver chloride contain or 75 •26g. silver 

/. 100 g. silver chloride contain (100 — 75*26) or 24*74 g. chlorine 

The percentages of chlorine and silver in all the three samples 
are the same. So, the figures illustrate the law of constant proportions 

(3) Given that (a) l*316g of zinc ga^c l-6394g of zinc oxide 

when healed in air ; (b) l*30g of zinc was dissolved in nitric acid. 
The resulting zinc nitrate on ignition gave l*620g zinc oxide, (c) 
2*646g of a sample of zinc oxide was reduced by heating in a current 
of hydrogen and the weight of zinc that remained was 2*124g. Show 
that the results agree with the law of constant proportions. 

From the data given^ 

(а) Weight of zinc oxide produced-*- l*6394g 

Weight of zinc= 1*3 16g 

Weight of oxygen in zinc oxide = (1*6394- 1*31 6)g = 0*3234g. 
. Weight of zinc _ 1*316 

• ’ Weight of oxygen " 6^32~34’" 

(б) Weight of zinc oxide produced = 1 ■620g 

Weight of zinc used -■ 1 -SOg 

Weight of oxygen in zinc oxide=(l*620- l*30)g or 0'320g. 

. Wei^t of zin c ^ l;30 A.rxf.o 

• • Weight of oxygen 
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(c) Weight of zinc oxide = 2*646g ; 

Weight of Zn produced = 2* 124g 
/. Weight of oxygen==(2'646 — 2'124)g or 0-522g* 

. Weight of zinc ^ ^ 

* * Weight of oxygen ~""0'522“‘ 

The above calculations show that the ratio of weights of zinc to 
oxygen in zinc oxide obtained by different methods is same. So, the 
results agree with the law of constant proportions. 

(4) Given that (i) 0 36 gm. of a metal when burnt in oxygen 
yields 0-60 gm. oxide ; (ii) carbonate of that metal contains 28*57% 
of the metal. Determine with the help of the law of definite propor- 
tions, the wt. of the oxide which will be obtained by heating 1 gm, of 
that carbonate. 

Given^ wt. of the oxide of the metal — 0*60 gm. 

Wt. of the metal = 0*36 gm. 

Wt. of oxygen = (0*60 — 0*36) gm. or 0*24 gm. 

The metal to oxygen ratio in the oxide 

_Wt. of the metal _ 0*36 _ 3 
WtTof oxygen 0 24 2* 

Again, percentage of the metal in the carbonate is 28*57 
100 gms. of the carbonate contain 28*57 gms. of the metal 
/. 1 gm. of the carbonate contain 0*2857 gm of the metal 

Now, according to the law of definite proportions, the ratio of the 
metal to oxygen in the oxide obtained in different methods is 3 : 2, 

. Wt. of the metal _ 3 0*2857 

' ‘ Wt. of oxygen 2 Wt. of oxygen 

. r 2x0*2857 

. . Wl. of oxygen- ^ g. = 0*1905 gm. 

Hence^ the amount of the oxide that will be obtained from 1 gm. 
of t’ c carbonate = (0* 2857+0 1905) gm. 

=^0-4762 gm. 

On the Ijw of Multiple Proportions : 

(5) Metal M and chlorine combine in different proportions to 
form two compounds A and B. The mass ratio M : Cl is 0*895 : 1 
in A^ and 1*791 : 1 in B. What law of chemical combination does 
this example illustrate ? 

1 part of chlorine combines with 1*791 and 0*895 parts of Min 
compounds B and A respectively. 

MinB 1*791 2. . , 

So, the result illustrates the law of multiple proportions. 

(6) Copper forms two oxides. 1*00 gm, of copper was dissol- 
ved in nitric acid and on ignition gave 1*25 gm. of cupric oxide. 1*00 
gm. of cuprous oxide when ignited in a current of hydrogen gave 0*888 
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gm. of copper. Show that these results illustrate the law of multiple 
proportions. 

From the dat^i given, 

Weight of cupric oxide produced = 1*25 gms, 

Weight of copper used = 1*00 gm. 

/. Weignt of oxygen in cupric oxide = 0-25 gm. 

0*25 gm. of oxygen combines with 1*00 gm of copper 

I gm. of oxygen combines with copper 

We know that when an oxide is heated in a current of hydrogen 
the metal is produced by removal of oxygen. 

In cuprous oxide, 

(1—0-888) or 0*112 gm. of oxygen combines with 0*888^gm. of 

copper 


1 


0*888 
0 112 


= 79 gms 


of copper 

The ratio of the different wts. of copper combining with a fixed 
weight of oxygen ( 1 gm. ) is 4 : 7*9 i.e., 1 ; 2 which is a simple ratio 
Thus, the results illustrate the law of multiple proportions. 

(7) Phosphorus is found to form three oxides containing res 
pectively 43*668, 49 212 and 56*365 per cent of phosphorus. Show 
that these figures illustrate the law of multiple proportions. 

The first oxide contains 43*668% of Phosphorus 
and ( 100-43 668 ) or 56*332% of Oxygen 
The second oxide contains 49 212% of Phosphorus 
and ( 100-49*212 ) or 50*788% of Oxygen. 

The third oxide contains 56*365% of Phosphorus 
and ( 100-56 365 ) or 43*635% of Oxygen. 

In the first oxide, 

43*668 gms. of phosphorus combine with 56*332 gms. of oxygen 

56*332 

/. 1 gm „ „ combines with 01 1*29 gms. of 


In the second oxide, 

49*212 gms. of phosphorus combine with 50*788 gms. of 
. . 1 gm. „ ,, combines „ 

In the third oxide, 

56*365 gms. of phosphorus combine with 43*635 gms. of 


oxygen 

oxygen 

gms of 
oxygen 

oxygen 


1 gm. 


combines 


.. MT,4rorO-774gm.of 


The ratio of the different weights of oxygen that combine 
with a fixed weight of phosphorus ( 1 gm, ) is 1*29 : 1*032 : 0*774 i.e., 
5:4:3 which is a simple ratio and thus the results are in agreement 
with the law of multiple proportions. 
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The Mme conelueiea cen be draws by fiading out Che ratio of the differest 
weights of pbosphorst with a fixed weight of oxygen. 

(S) A metal forms two oxides ; on heating 1 gm. of each of 
the oxides in a current of hydrogen 0*798 gm. and 0*888 gm. of the 
metal were obtained. Show that the results are in agreement with the 
law of multiple proportions. 

In the first oxide, 

(1- 0-798) or 0*202 gm. of oxygen combines with 0*798 gm. of 

metal 

0*798 

1 gm. of oxygen combines with 


In the second oxide, 

(1-0*888) or 0*li2gm. of oxygen combines with 0*888 gm. of 

metal 

0*888 

1 gm. of oxygen combines with gTlT ^ metal 


The ratio of the different wts of the metal that combine with a 
fixed weight of oxygen ( 1 gm. ) is 3*95 ; 7*9 i.c., 1 ; 2 which is*a 
simple ratio. Hence, the results are in agreement with the law of 
multiple proportions. 

(9) A metal ‘M’ forms two oxides ; 1 gm. of each of the oxides 
when heated to a constant weight in a current of pure hydrogen gave 
0*12585 gm. and 0*2264 gm. of water respectively. Prove that the 
results illustrate the law of multiple proportions. 

1 gm. of the first oxide of M gave 0*12585 gm. of water 

Now, since 18 gms. of water contain 16 gms. of oxygen 


0*12585 


16x0*12585 
’ 18 


= 01119gm. of 


oxygen ( approx. ) 

So 1 gm. of the first oxide contains 0*1119 gm. of oxygen 
•/ (1 — 011 19) or, 0*8881 gm. of the metal. 

0*8881 gm. of the metal combines with 0*1 119 gm. of oxygen 

0*1119 - 

• . 1 j- j> »» ,» 0*888 i of oxygwi 

or 0*126 gm. ( approx. ) 

Again 1 gm. of the second oxide of M gave 0*2264 gm. of water 
As above, 0*2264 gm. of water contains ^^ - ^^ - ^^^ =0*2013 gm. 

of oxygen ( approx. ) 

In 1 gm. of the second oxide, metal prescnt=(l -0*2013) gm 

= 0*7987 gm 

So, 0*7987 gm. of the metal combines with 0*2013 gm. of oxygen 
t 0*2013 - 

• • 1 »> »i >» 0*7987 of oxygen 


or, 0*252 gm. ( approx. ) 
Hence, the ratio of different weights of oxygen that combine with 
a fixed weight of the metal ( 1 gm. ) in the two oxides is 0*126 : 0*252 
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or 1 : 2. It is a simple ratio and thus illustrates the law of multiple 
proportions. 

(10) Two oxides of a metal ‘M’ were separately heated in a 
current of hydrogen until constant weights were obtained. The water 
produced in each case was carefully collected and weighed. 2 grams 
of each of the oxides gave 0*2517 gm. and 0-4528 gms. of water res- 
pectively. If the formula for the latter be given as MO, find the for- 
mula of the other. 

2 gms. of each of the oxides of M gave 0*2517 gm. and 0*4528 gm. 
of water respectively. /. 1 gm. of each of the oxides will give 

0*2517/2 gm. and 0-4528/2 gm. or 0*12585 gm. and 0 2264 gm. of 
water respectively. 


Tlien, according to the previous example (Q. No. 9)^ 1 gm of 
the first oxide contains 0*1119 gm of oxygen and 0*8881 ’gm of the 
metal. 

1 gm of the second oxide contains 0*2013 gm of oxygen and 
0*7987 gm of the metal. 

Formula of the second oxide = MO (given) 

, Number of atoms of M 1 __ 0-7987/ A 

• ‘ I^umber of atoms of O” 1 ~ 0 20T3/16 

(A = At. wt of M, 16= At. wt. of oxygen) 

A = 63*49 


Now, in the first oxide. 


Number of atoms of M 
Number of atorns of O 
0*8881/63*49 
0*1119/16 1 


The formula of the first oxide is MgO 

On the law of reciprocal proportions — 

(11) 2 gms of hydrogen combine with 16 gms of oxygen to form 

water and 6 gms of carbon to form methane. In carbon dioxide, 
12 gms of carbon are combined with 32 gms of oxygen. Show that 
these figures illustrate the law of reciprocal proportions. 

Ratio between the weights of carbon and oxygen that combine with 
the same weight of hydrogen (2 gms) is 6 *. 16. In carbon dioxide, the 
ratio between the weights of carbon and oxygen which combine with 
oach other is 12 ; 32, 


The two ratios 6:16 and 12 : 32 are simply related to each other 
as 1 *. 1 . So the figures illustrate the law of reciprocal proportions. 

(12) The results of analysis of three compounds are : 

Phosphine (PHg) contains 91*1% of P and 8 9% of hydrogen ; water 
contains 88*8% of oxygen and 11*2% of hydrogen and phosphorus 
trioxide (P*0,) contains 56*4% of phosphorus and 43*6% of oxygen. 
Without the help of atomic weights^ show that these results prove the 
validity of the law of reciprocal proportions. 

In phosphine, 

8*9 pans by wt. of hydrogen combine with 91*1 parts by wt. of 
phosphorus, 
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In water, 

11*2 parts by wt. of hydrogen combine with 88-8 parts 

by wt. of oxygen 

. Q.o 88 * 8 x 8 9 

,, 89 .* >» 11*2 

parts by wt. of oxygen 
. The ratio between the weights of phosphorus and oxygen that 

91*1 

combine with a fixed weight of hydrogen (8*9 parts ) is ^ 77 ^ 

/O'jo 

In phosphorus trioxide, 

Wt. of phosphorus = 56*4 parts and wt. of oxygen =43*6 parts 
The * ratio between the weights of phosphorus and oxygen that 

combine with each other 

43*6 

The two ratios are ” 7 ^ ^ - and or 1*29 and 1*29. Thus the 

two wts are simply related as 1 : 1 i.e., they arc same. So the results 
prove the validity of the law of reciprocal proportions. 

(13) Carbon dioxide and aluminium carbide contain respectively 
27*27% and 25% of carbon. Analysis of aluminium oxide shows 
that it contains 47% of oxygen. Show that these figures are in agree- 
ment with the law of reciprocal proportions. 

Carbon dioxide contains 27*27% carbon 
and hence (100 — 27*27) or 72*73% oxygen. 

27*27 parts by wt. of carbon combine with 72*73 parts 

by wt. of oxygen 

72*73 

. . 1 part ,, ^ combines ^ "2 727 ’ ^* 

oxygen 

Aluminium carbide contains (100—25) or 75% Aluminium 
25 parts by wl. of carbon combine with 75 parts by wl. of alumimum 

1 part „ „ combines =3 „ , , 

So, the ratio between the weights of oxygen and aluminium that 
combine with a fixed weight of carbon (I pan) is 2*66 ; 3 or 1 : 1*12 
If the law of reciprocal propoition is applicable, the weights of 
oxygen and aluminium will be in the same ratio or simple multiples 
of the weights of the two elements. 

Analytical result of aluminium oxide shows that the ratio of 
the weights of oxygen to aluminium is 47 : (100 - 47) or 47 : 53 or 
1 : 1 * 12 . 

So the figures are in agreement with the law of reciprocal 
proportions. 



)^kiWer 3 

AVOGADR<yS HYPOTHESIS 
AND MOLECULAR THEORY 

Ad^tittn of Avogadro's Hypothecs — Concept of molecule: 

Dalton s atomic theory states that the elements in general combine in 
simple proportions by atoms to give rise to iht smallest particle or the 
atom of a compound. Dalton did not think of the existenee of the 
molecule, 

Soon after Dalton put forward his atomic theory, Gay Lussac, 
as a result of a large number of experiments on reactions involving 
gaseous substances, enunciated the law of gaseous volumes. According 
to this law, under a given condition of temperature and pressure^ 
elements in the gaseous state unite in simple proportions by volumes! 
As all gases were found to behave similarly with regard to change of 
temperature and pressure, it was evident that for a reaction 
between gases, there must be some simple relation between the number 
of atoms present in equal volumes of different gases under the identical 
physical conditions. 

In an attempt to correlate Dalton'^s atomic theory with Gay 
Lussac’s law of gaseous volumes, Berzelius stated that under the same 
conditions of temperature and pressure^ equal volumes of all gases 
contain the same number oj atoms. This is commonly known as 
Berzelius hypothesis. But this hypothesis was subsequently found to 
be untenable as it failed to interpret the experimental results and led 
to a conclusion which directly contradicted the very basic assumption 
of Dalton’s atomic theory, i.e., indivisibility of an atom. 

It has been found experimentally that under the identical condi- 
tions of temperature and pressure, 1 vol. of hydrogen and 1 vol. of 
chlorine interact to produce 2 vols of hydrogen chloride. 

Let n be the number of atoms present in unit volume of each of 
the reacting gases and the product. Then, according to this hypothesis, 

71 atoms of hydrogen atoms of chlorine = 2n atoms of 

hydrogen chloride 

or 1 atom of hydrogen +1 atom of chlorine «= 2 atoms of hydrogen 

chloride. 

,* , ^ atom of hydrogen +4^ atom of chlorine = 1 atom of hydrogen 

chloride. 

So. it leads to accept that 1 atom of hydrogen chloride, is com- 
posed of 4 atom of hydrogen and ^ atom of chlorine. In other words, 
each atom of hydrogen and chlorine requires to be divided to form 
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an atom of hydrogen chloride. But this is a direct contradiction to 
Dalton’s atomic theory and the division of atoms is in no way accep- 
table. Hence, Dalton’s theory and Gay Lussac’s law could not be 
harmonised by Berzelius hypothesis. 

The hypothesis met similar failure when applied to the volumetric 
composition of steam. 

From actual experiments, we know that under the similar physi- 
cal conditions, 2 vols of hydrogen and 1 vol. oxygen combine chemi- 
cally to yield 2 vols of steam. Let n stand for the number of atoms 
present in unit volume of each of the gaseous substances. Now, accor- 
ding to this hypothesis. 

2n atoms of hydrogen +/i atoms of oxygen =2n atoms of steam 
•. J1 atoms of hydrogen +1 atom of oxygen =2 atoms of steam 

/. 1 atom of hydrogen +4- of oxygen =1 atom of steam 
. 1 atom of steam contains 1 atom hydrogen and ^ atom of 

oxygen. That is to say, every atom of oxygen gets divided to form an 
atom of steam. But this is not possible as according to Dalton, an atom 
IS the smallest conceivable particle and does not undergo sub-division. 


This difficulty was overcome by the Italian scientist Avogadro, 
who for the first time differentiated between the smallest or the 
ultimate particle of an element and that 


of a gas. He was the first scientist to 
imagine the existence of molecules and 
to propose the molecular theory of 
matter. According to him, there are two 
kinds of ultimate particles of matter viz. 
an atom and a molecule. 

Previously, the word atom* has been 
used indiscriminately to describe the 
smallest conceivable particle of any subs- 
tance either an element or a compound. 

But Avogadro im^.»osed restriction 
on the use of the word. According to 
his suggestions, the term atom s^’ould be 



used for elements only. Moreover, he ^ a j 

introduced the terra ^molecule which ^ 


could be applied for an ultimate particle of both elements and com- 
pounds. The distinction between an atom and a molecule will be 
clearly understood from the following definitions. 


An atom is the smallest particle of an element th it can take part 
in a chemical change but generally cannot exist freely as such, 

A molecule is the smallest particle of a substance {element or 
compound) which has free or independent existence and possesses 
all the characteristic properties the substance, 

A molecule of an element is composed di indivisible but like 
atoms and a molecule of a compound contains fixed number of one 

«Oiilti^ used the word 'compound atom* for the •malleat particla of o 
compowid. 
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or more atoms of two or more elements. Thus, a molecule may be 
divisible into its constituent atoms but an atom is indivisible. Accor- 
ding to Avogadro, the ultimate particle of a gas with free existence 
is not a single atom but a molecule which is composed of more than 
one atom. 


So, it is evident from the concept of molecules that a gas always 
contains molecules as its ultimate particles and as such the volume 
of a gas must be related to the number of molecules present in it. In 
modification of Berzelius’ conclusion. Avogadro proposed a new 
hypothesis which is known as Avogadro’s hypothesis. 


s hypothesis : Under the same conditions of tempera- 
nife and pressure, equal volumes of all gai^s (both elementary and 


compound) contain equal number of molecules. 


Thus if n stands for the number of molecules of hydrogen present 
in 1 litre of the gas under a given condition of temperature and pre- 
ssure, then according to Avogadro’s hypothesis^ 1 litre of oxygen. 
1 litre of carbon di-oxide or 1 litre of hydrogen chloride wiil^also 
contain n number of molecules of the rcspecthe gaseous subslanccs 
under the identical physical conditions. It has been illustrated in the 
following fig. by taking three different gases in three different vessels 
at a fixed temperature and pressure. 



Fig. 1(12) Equal Dumber of moleeulet of differeni gaiot at a 
fixed temp, and prctiura 

This hypothesis removed the difficulties of Berzelius’ suggestion. 
In fact, it reconciled the Gay Lussac’s law with Dalton’s^aloraic 
theory. 

By actual experiment, we find that under a given condition of 
temp, and pressure, 1 vol. of hydrogen combines with 1 volume of 
chlorine to give 2 vols. of hydrogen chloride. According to 
Avogadro’s hypothesis, let *n be the number of molecules present in 
1 vol. of each of the gaseous substances. 

n molecules of hydrogen -i-/i molecules of chlorine = 2n mole- 
cules of hydrogen dhloride 
1 molecule of hydrogcn+l molecule of chloine = 2 molecules 

of hydrogen chloride 

A molecule of hydrogen molecule of chlorine — 1 mole< ule 

of hydrogen ch ioride 

That is to say, 1 molecule of hydrogen chloride must contain J 
molecule of hydrogen and 4* molecule of chlorine. This is in no way 
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against Dalt 0 Q*s atomic theory. Though the atoms are indivisible, the 
division of molecules is acceptable. Later, it has been shown that a 
molecule of hydrogen or that of chlorine consists of two atoms of the 
respective element. 

/. 4* molecule of hydrogen (or chloriae>8sl atom of hydrogen 

(or chlorine) 

This hypothesis tells that during a chemical change, the molecules 
of the reacting gaseous substances break up into their constituent atoms 
and the latter are then regrouped into new molecules. \J^ 

This has been clearly expressed in the following figures. 
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Fig. 1(14) 

^2wlumes of hydrogen-b 1 volume of oxygens 2 volumes of steam 
Uj^^lKplanation of Gay Lossac’** law of gaseous volumes with tke 
n^ of Avogadro’s hypothesis : 


Gay Lussac*s law of gaseous volumes follows directly from 
Avogadro’s hypothesis if we consider that when molecules react they 
do so by simple whole numbers. 


Let us suppose that two gases A and B combine chemically ]^and 
X molecules of A combine with y molecules of B to give a particular 
compound of A and B. Here x and v are simple whole numbers. Let 
us further suppose that in accordance with Avogadro’s hypothesis, a 
unit volume in ml. of each of these gases contains n number of^m^e* 
oules at a given temperature and pressure. 

So the vols. of the areacting gases are— • 


Vol. A« i-ml. and vol. of B— •^mi- 

ll II 

4 
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Tt follows, therefore, that the ratio of the volumes in which the 
gases A and B interact is : —six \y, 

n y 

Since x and y are both small whole numbers, x : is a simple 
ratio. Thus the law is derived. 

Now, let us consider that C is the gaseous product formed as a 
result of the reaction between the gases A and B. Here, the number 
of molecules of C must also be integral as the fractions of molecules 
cannot exist in the free state. So the volume of gaseous product (or 
vols. of products) will bear a simple ratio to that of the reacting 
gasesy^^^ 

s^^JMIodifications of Dalton’s Atomic theory in the light of Avpgadro’s 
hypothesis : With the adoption of Avogadro's hypothesis, Dalton’s 
atomic theory has been modified to a great extent. Some of the salient 
points in this connection are stated below. 

(1) Any substance (either an clement or a compound) consists 
of molecules which are the ultimate particles capable of independent 
existence. The molecules on the other hand are composed of indivisi- 
ble particles of elements called atoms, 

(2) The properties of a substance (elementary or compound) 
are the properties of its molecules. 

The molecules of a particular substance are all alike m respect 
of properties and mass but the molecules of different substances must 
possess dissimilar properties and mass. * 

(3) A molecule of an element contains like atoms but the 
molecule of a compound is made up of fixed number of atoms which 
are not all alike. 

(4) Atoms only can take part in a chemical change and mole- 
cules as they are cannot. At the moment of chemical reaction 
between two or more substances, the molecules of the reacting sub- 
stances first split up into their atoms which then combine together in 
simple ratio to form molecules of the new substance or substances. 

Molecular weight : Like the atom of an element, the molecule 
of an element or a compound is a very small particle with negligible 
weight. The actual weight of a molecule of hydrogen and that of a 
molecule of sodium chloride have been calculated and found to be 
3*32x 10”** gms and 9*71 x 10”23 respectively. 

As the atomic weights, the molecular weights used in chemical 
calculations do not signify the actual weights of the molecules. These 
are also relative weights which are obtained in comparison with the 
weight of a standard atom. Hence, the molecular weights are mere 
numbers and have no unit. 
y ^cording to modern standards, 

molecular weight of a substance (either an element or a 
compound) may be defined as the weight of a molecule of the subs- 
tance compared with the weight of an atom of hydrogen taken as 
1*008 or the weight of an atom of oxygen takai as 16 00 or the 
weight of an atom of carbon taken as 12*00, 
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Molecular weight 


or, 

or, 


Wt> of one mol ecule of a substance 
'Wl. of one atom of hydrogen (UssroOB) 
Wt. of one atom of oxygen (0» 16*00) 
Wt. of one atom of carbon (C=:=12‘00) 



The molecule of an element is composed of atoms of the same 
element and the molecule of a compound is formed by the union of 
atoms of different elements. So from the practical point of yit^Jthe 
molecular weight may be regarded simply as sum of the atomic 
weights of all the atoms present in the moleculeA 


As for example — 


Substance^ 


Constituent atoms 

1 Molecular Weight 

Hydrogen 

H. 1 

1 

A melecule of each of 
the three substances is 

1x2-2 (actually 

l‘0C8x2»2'016) 

Nitrogen 

N, j 

. di-atomic. 

14008x2=28*016 

Otygeo j 

1 O, J 

1 

' 1 

16x2-32 

Ammonia 

NHa, a compound consisting | 
1 of one atom of nitrogen and j 
three atoms of hydrogen. 

14 008+l*008 x 3=17-032 

Sulphuric 

HaSOa, a compound contain- 
2 atoms of hydrogen, 1 a'om of 
sulphur and 4 atoms of oxygen. 

1008X2 f 32*066+4x16 

acid 

=98*082 

Cane Sugar 

CiaHiiOii 

12x12+1*008x 22+16x11 
=342*176 


The molecular weight of a substance is sometimes referred to as the formula 
weight. Apparently, there is no difference between the terms 'molecular weight* 
and 'formula weight’. Strictly speaking, molecular weight Is applicable to the 
molecule of a substance. It is now known that there are substances (strong electro- 
lytes) which actually do not exist in the molecular form. They remain as ions even 
m the solid state. Sodium chloride is a familiar example of this class. X*ray 
analysis and other experimental results have proved that the salt has no definite 
entity as a molecule but is composed of Na^ and Cl' tons bound together by 
electrostatic attiaction. In such a case, it will be correct to use the term formuui 
weight in place of molecular weight. Of course, the formula weight may be applkd 
to any substance, no matter whether it exists as molecules or ions held together. 


^V^Gram-molecnlar weight or Gram*molecDle : A quantity in grams 
whicb is numerically equal to the molecular weight of an element or a 
compound is known as the gram-molecular weight. In other words 
the molecolar weight of any sohstance (elementary or compoimd) 
expressed in grams is referred to as the gram-molecular weight more 
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ii«qaently i 


* as the gram-molecale of the sobstance. Commonly, this 
quantity is stated as a mole (sometimes spelled as mol). Thus, 


1 gm-molecule of carbon di-oxide 
1 gm-molecule of water 
1 gm-molecuie of chlorine 
1 gm-molecule of sulphuric acid 
3 gm-molecules of sulphuric acid 
0’5 gm-molecule of sulphuric acid 


—44 gms of carbon dioxide 
= 18 gms of water 
=71 gms of chlonne 
=98 gms of sulphuric acid 
=3 X V8 gms of sulphuric acid 
=49 gms of sulphuric acid 


In the abDve examples^ the atomic weights based on hydrogen scale have been 
used. (i.c. S*=32*00). 

GpHfi^olcalar Tolnme or Molar xolumc : 

^/The volume occupied by 1 gm-molecule of any gaseous asbstance 
is known as the gram-moleci lar volume or simply molar volume. It 
has been derived from Avogadro's hypothesis that *he gram- 
molecular wei<;ht of any gaseous substance or vapour occupies 22 4 
litres at N.T.P. So at normal conditions of temperature and 
pressure, the volume equal to 2r4 litres is the molar volume uf all 
gases. 


It is clear from the fig. given below that 32 00 gms of oxygen, 
or 28 gms of nitrogen, 17 gms of ammonia or 36’5 gms of hydrogen 
chloride will occupy 22*4 litres at N.T.P. 



In the light of this discussion, the gram-molecule of a substance 
may be defined as the weight of the substance in grain which in its 
gas^us state occupies 22*4 litres at N T.P. 

Applications of Avogadro’s hypothesis and its important dedoc- 
tions : In addition to offering a clear explanation of G^y Lussac’s 
law of combining volumes, Avogadro’s hypothesis led to the follow- 
ing important deductions and applications. 

(1) The molecules of clemetary gases arc diatomic. 

(2) The molecular weight of any gaseous (or vaporous) subs- 
tance is twice its vapour density. 
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(3) The molar volume or the volume which 1 gm-molccule of 
any gaseous substance (elementary or compound) occupies is 22*4 
L’tres at N T.P. 

(4) It provides a method of determining the molecular formula 
of a gaseous substance from its volumetric composition. 

(5) ft has established methods of detcrmindtion of atomic 
weights of elements and molecular weights of gaseous* vaporous or 
volaiile sjubstances. 

V^(lf Mbiecules of elementary gases arc diatomic or atomicity" 
elj^entary gas is 2 : 

(Vi From actual experiment, it is known that r 

I vof. of hydrogen combines with I vol. of chlorine to yield 

2 vols of hydrogen chloride. 

Ifwbe the number of molecules present in unit volume of each 
of the gdseous substances taking part in the reaction at the 
experim^nttiJ conditions of temperature and pressure, we get 
according to Avt^gadroN hypothesis, 

n molecules of hydrogen+« molecules of i h1oiine=2/i molecules 

of hydrogen chloride 

1 molecule of hydiogenH 1 molecule of tbl()nne~2 molecules 

of hydiogcn chloride 

\ molecule of hydrogcn4 1 molecule chlorine =1 molecule 

of hydrogen chloride 

Now, hydrogen chloride i*? a compound of hydrogen and 
chlorine and as per requiiement of Dalton’s theory, one molecule of 
hydrogen chloride must contain it least one atom of hydrogen and 
one atom of chloiine. U is evident that one molecule of hydrogen 
chloride contains } molecule of hsdrogen and 4 molecule of 
chlorine So each molecule of hydrogen or chlorine must consist 
of two atoms i e., a molecule of hyurogen or chlorine is diatomic- 

Thiscan further be substantiated by the following reasoning 
WeJ^now that the number of sodium salts that can be obtained 
from an acid is a measure of the number of replaceable hydrogen 
atoms the acid contains. Now, a hydrochloric acid molecule yields 
one and only one sodium salt (sodium chloride) This indicates 
that a molecule of the acid contains only one replaceable hydrogen 
atom. But as stated previously, hydrochloric acid contains 4 
molecule of hydrogen. 

/. 4 molecule of hydrogen I atom of hydrogen. 

or, 1 molecule of hydrogen— 2 atoms of hydrogen 

/. A molecule of hydrogen is diatomic or atomicity of hydrogen 



* Atomicty of an element Is the number of atoms persent in its single molecule. 
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(B) From experiinent> it is found that 2 vols of hydrogen 
combine with I vol. of oxygen to produce 2 vols of steam. 

2n molecules of hydrogen +n molecules of oxygen ■--2n 
molecules of steam (according to Avogadro’s hypothesis) 

2 molecules of hydrogen+1 molecule of oxygen- 

2 molecules of steam 

1 molecule of hydrogen+J molecule of oxygen— 

1 molecule of steam 

Steam is composed of two elements— hydrogen and oxygen. 
According to Dalton, an atom is indivisible. So each molecule of 
steam must contain at least one atom uf oxygen which on^the other 
hand must come from I molecule of oxygen. Hence a molecule of 
oxygen must contain 2 atoms of oxygen i.e., the molecular formula 
of oxygen is Og. 

Similarly, it can be proved that a molecule of any one of the 
elementary gases hke nitrogen, fluorine etc. is diatomic. 

Further^ evidence in support of the above deduction raay be cited. It 
been cxpeiimentallv determined that foi a eas ^ith diatomk m »Ieciiics the ret*o 

of the specific heat at constant pressure to the ^pe^jfic heat at 

Constant volume (Ct,) is between 1*40 and I 41 In the case of hyibopcn cblon c 
and oxygen 7 has be* n found respectively tu be 1*4 1 , 1 ^lO and t 40. ) lus icnurkdl k 
agreement proves beyond doubt the datomic nature of the raolccuks ot the pa <cs 
referred to here. » 

There are some exceptions to the above deduction. 1 net 1 pise " 
of the atmosphere i.e, helium, aigon, neon etc., arc elemfiitary 
gases but they are monatomic, hi ca«c of vapours of many metals 
such as sodium, mercuiy etc., the smallest conceivable particle or 
the atom is quite stable and is c'lp'ibJe of independent existence. 
For these elements, tlic atoms and the nrolccules are regarded as 
identical^" 


f Molecular weight of any gaseous substance is twice its 
ir density or M ~2D, where M— mol. wt. ; D vap. density. 


The vapour density (or relative d«» 0 Tiity) of any gas or vapour 
the ratio of the weight of a certain volume of the gas (01 vapour) *0 
the weight of the equal volume of hydr >g**n, both measured under 
similar conditions of (emperdt are* and pressuie. Thus — 


Vapour density (D) - 


Wt^rvf V. volumejC)f any_g ?s 
Wt. ot V. volume o( hydrogen 


(under hke conditi(»n& of temperature and pressur *) 


If Q be the number of molecules present in the given V volume 
of the gas, then by Avogadro’s hypothesis. 


Wt. o f n molecules of th_e jas_ 
Wt. of « molecule^ ol hydrogen 


nx wt. of 1 molecule of the gas 
nx wt. of 1 molecule of hydrogen 
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Wt, of 1 molecule of the gas 
““Wt. of 1 molecule of hydrogen 

[ •/ Hydrogen molecule 
is diatomic according 
to Avogadro^s hypo- 
thesis. 

Molecular weight of the gas 

[assuming atomic wt. of Hydrogen=l] 

2y D-=Molecular weight of the gas 
*. Molecular weight of a gas (M)=2 y Vapour density 
or •M~2D. 


Ihe atomic weff.hl of h>droten IS t OOS when oxygen (0—16) « cotsiccred as 
the standard In that ca<' 0 , M 2 016 x D. 

(1) The molar volume of all gases is the same under similar 
conditions of temperature and pressure and is equal to 22*4 litres at 
N.l P. 


We know that the gram-molecular weight (or the pra-raolecule) 
of a substance stands for its molecular ^eignt expressed in grams. 
Now, 


(d> At wt. of hydrogen -1 

Mol wt. of hydrogen 2 hydrogen molecule is diatomic) 
. 1 gm-raolecule of hydrogen-^ 2 gms. of hydiogen. 

If he the actual weight of I atom of hydrogen in gra, then the 
actual wt. of 1 molecule of hydrogen— 2w gms 

. . Number of hydrogen molecules present in I gm-mokcule 

1 

"2»v gms H 




(b) 1 gm molecule of nitrogen — 2^ gms of nitrogen. In other 
words, I molecule of nitrogen 2K times hea\icr than 1 atom of 
hydrogen. 

. AUual weight of 1 molecule i>f nitrogen 2 Sm gms 

Number of nitrogen molecules present in 1 gm-molecule 


of nitrogen -= 


28 gTns_ 
ZHw gms 


1 

w 


(c) Vapour density of ammonia-T=8*5 (found by experiment) 
Molecular weight of ammonia— 2x 8*5 --=17 
and 1 gm-molecule of ammonia ^17 gms. of ammonia 


So 1 molecule of ammonia is 17 times heavier than 1 atom of 
hydrogen. 

/. Wt. of 1 molecule of ammonias 17u7 gms. 
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/. Number of molecules of ammonia present in its 1 gm- 

molecule 

_l'^gms _ 1 
Vlw gms w 

(d) Vapour density of sulphur dioxide— 32 

(determined experimentally) 

/. Mol. wt. of sulphur dioxide -2x32 and 1 gm-molecule 
of sulphur dioxide=64 gms of sulphur dioxide. In other words* 
1 molecule of sulphur dioxide is 64 times heavier than 1 atom of 
hydrogen. 


Wt. of 1 molecule of sulphur dioxide — 64iv 
Number of molecules of sulphur dioxide in 1 gm-molecule 
_6^gms _ 1 
64vw gms w 


Thus it can be shown that for any gas (or vapour) the number 
of molecules present in its 1 gm-molecule is the same and is equal 

to 1 . Now fiom Avogadro's hypothesis, it can reasonably be 

concluded that the same number of molecules of dilTcrent gases will 
occupy the same volume at a given condition of temp, and pressure. 
In other words, the gm-molecule of all gases will occupy the same 
volume under the same conditions of temperature and picssyre. 


^ ' Let us assume the vapour density of a gas (or vapour)-- D 

. D ^ J gas at N T P. 

By definition, D— Th^r-r^ 

^ Wt. ( i 1 litre of the hydrogen at N.T.P* 

^ Wt. o f I litre of tl^ga^af N.T.P. 

0‘0S9 gm 


(!t is known from actual experiment that weight of I litre of 
hydrogen at N T.P, is 0*089 gm) 

At N T.P. weight of I litre of any gas -(Dv 0*089) gms. 

But according to Avogadro's hypothesis M~ 2D 
where M=molecular weight. 


So under normal conditions of temperature and pressure, 

The weight of 1 litre of a gas— |^x0’089j gm 

i.c. At N.T.P., the vol occupied by (^x0*089| gm of a gas==l 
litre. 
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At N.T.P. the volume occupied by M gms or 1 gm-molecule 

of m, ™9“ore “«« V 

Based on Avogadro's hypothesis^ the molecular weight may be 
dehnied as follows t 

The molecular weiqht of a substance is a number which when 
expressed in i^ram^ would be equal to the weight of 22' 4 litres at 
N,T,P, of the substance in its gaseous or vaporous state. 

V r P. is the abbreviation of normal temp, and pressure. Normal temp- 
denotes 0 C or 373^ A The piessure of the atmosphere which is equal to that 
of a column of mercury 76 cm or 760 mm high is referred to as normal pressure. 

(^)/ of molecular formula of a gaseous compound 

frbm/irs volumetric composition : Avogadro’s hypothesis helps us 
io efetermining the molecular formula of a gaseous compound from 
its volumetric composition and density. 

lliustrations^fX'^ Molecular formula of hydrogen chloride : By 
actual experiment, it has been found that 1 volume of hydrogen 
combines with 1 volume of chlorine to produce 2 volumes of 
hydrogen chloride, all volumes being measured under the same 
conditions of terap?rature and pressure. 

Let n stand for the number of molecules present in unit volume 
of any of the gases. Then from Avogadro’s hypothesis, it follows 
that 

n molecules of hydrogcn+« molecules of chlorine=2w molecules 

of hydiogen chloride 

•. 2 atoms of hydTogcii+2 atoms of chlorine- 2 molecules of 

hydrogen chloride 

( .■ According to Avogadro's hypothesis, both hydrogen mole- 
cule and chlorine molecule are diatomic). 

1 atom of hydrogen-!-! atom oi chlorine-=I molecule of hydroma 

chloride. 

1 molecule of hydrogen chloride cortains 1 atom of hydrogen 
and 1 atom of chlorine i.e , the simplest formula for hydrogen 
chloiide is HCI and the molecular formula of if is (HCl)j, when x 
is a positive integer 

Molecular weight- (1 4 25*5' 

As found experimentally, the vapour density of hydrogen chloride 
is 18 25. 

Its molecular weight=2x 18‘25=3B*50 
(36-5)„=36-5 or, jc-l 

.*• Molecular formula of hydrogen chloride — HCI- 
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^ ^f ammonia : 

It^ known from experimental results that under given conditions 
of temperature and pressure, 1 volume of nitrogen chemically 
combines with 3 volumes of hydrogen to form 2 volumes of 
ammonia. 


1 vol. of nitrogcn+3 vols. of hydrogen=2 vols, of ammonia 

n molecules of nitrogen +i*1naolecules of hydrogen = 2/2 

molecules of ammonia 
(According to Avogadro^s hypothesis) 

1 molecule „ „ +3 molecules of hydrogen — 2 

molecules of ammonia 

T . » .. ofhy<}rcgen=l 

molecule of ammonia 

1 atom of nitrogen f 3 atoms of hydrogen- -1 molecule of 

ammonia 

(•/ Both nitrogen and hydrogen are diatomic) 

j.e. 1 atom of nitrogen and ? adorns of hydrogen are p-esent in 
1 molecule of ammonia. 

The simplest formula of ammonia is NHg. This formula for 
ammonia finds experimental supports from its vapour density 
measurement. 

Let the molecular formula of ammonia is (NIL where x is a 
simple whole number. 

Molecular wt. of ammonia— (14+3)^ 

The vapour density of it i« found to b:- 8 5 
/. Its molecular wcight=--2x8-5-=17 
(14+3)jc--17 or, x-’-l 
So the molecula formula of ammonia— NIL 


^ (C) Molecular jormiila of carbon dioxide : 

It h'js been proved experimentally that 1 volume of caibon 
dioxide contains 1 volume of oxjgeii. Let us assume th.it the 
volumes of the two gases arc measured under identical conditions of 
temperature and pressure and n stands for the number of molecules 
of carbon dioxide in unit volume at the experimental conditions. 

As deduced from Avogadro’s nvpoihcfi?, n molecules of carbon 
dioxide contain n molecules of oxygen. 

1 molecule of carbon dioxide contains 1 molecule of oxygen 
1 ♦, „ „ ,> 2 atoms of oxygen 

(*.• atomicity of oxygen is 2) 
Molecular formula of carbon dioxide is C^jOa 

(where x represents the number of atoms of carbon in i molecule 
of carbon dioxide.) 
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Again, it is known from experiment that the vapour density of 
carbon dioxide is 22. 


its molecular wejght=22 x 2=44. 

Cfl.Oe=44 or (I2x+2xl6)=44 or x—1 
Molecular formula of carbon dioxide^COg 


{D^^iolecular formula of nitrous oxide : 

^From experimental results, we know that nitrous oxide contains 
its own volume of nitrogen. 


I volume of nitrous oxide contains 1 volume of nitrogen, 
volumes ^of the two gases being measured at the same temperature 
and pressure. Let us assume that at a given temperature and 
pressure, 1 vol. of nitrous oxide contains n number of molecules. 

.*. n molecules of nitrous oxide contain n molecules of nitrogen 

(Avogadro's hypothesis) 

I molecule of nitrous oxide contains 1 molecule of nitrogen 

1 1 , „ „ „ 2 atoms of nitrogen 

(deduction from Avogadro's hypothesis) 


Hence, its fomula is (where .a stands for the number of 

oxygen atoms present in ) molcule of nitrous oxide). 

Molecular weight of nitrous oxide--=2 / J4+ I6jc 


Vapour density of nitrous oxide has been found to be 22 by 
actual expcj iment, 

.\ Its molecular weight =2 -'22—44 (*.• M=2D) 
2yl4+16x=44 or, x:=l 
Molecular formula of nitrous oyiJe N.O. 


(5) Determination oi atomic weight of an element - CaDDirzaro*^ 
method : 

By applying a basic assumptio-^» of Djlton’s atomic theory and 
an important deduction of Avogadro's bypothessi , Cannizzaro 
deviled a method of determining the atomic weights of elements. 

Principle : Atoms are indivisible. Under no circunistance.s, the 
molecule of any compound can contain less than one aton of any 
of its constitutent elements. So, the smalksi weight of any particular 
element present in the molecular weights of its different compounds 
may b e taken to be the atomic weigut of the element. 

Procedure : The process involves the following steps. 

(a) Selection of a large number of compounds (of the element) 
which arc either volatile or can be gasified without decomposition. 

(6) Experimental determination of the vapour densities of the 
selected compounds. 
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(c) Calculation of the molecular weights from the relation, 

M=2xV.D. 

(d) Analysis of the compounds to determine the actual weight 
of the element present in each compound. 

(e) Finding out the smallest weight of the element in the 
molecular wts (or gm-molecular weights) of the compounds. 


It is probable that in a large number of compounds, there must 
be at least one which will contain a single atom of the particular 
element. So the smallest or the least weight"^ will reasonably 
represent the atomic weight of the element.'^ ' 


Illustration : Atomic weight of oxygen. 


Oxygen. 

compound 

Vapour 
' density 
0/7- 1 

Molecular 
weight 1 
(2>VD.) 1 

1 

Oxygen 

1 

Wt of oxygen (in gm) 
in 1 gm.- molecule 

Water vapour 

9 

18 

, 8H9 

1 

889 'IR 

100 

Carbon 

monoxide { 

1 

14 

18 

*)? 18 

16 

16 <1 

1 

Carbon dioxide | 

n 

AA 

1 

V 

16 v2 

Sulphur dioxide 

1 “ 

! 

C4 

, 50 

1 

1 ^ 

1 16 2 

Sulphur 

tiJoxide 

40 

80 

j <'0 

4^ 

16 3 

Nitiic oxide 

15 

30 


J6 

16 1 


So the smallest weight (better highest common factor of the 
weights) of oxygen present per gm-molecule of its dilletent 
compounds is 16 and hence the atomic weight of oxygen may be 
taken as 16 00, 


Limitations of Cannizzaro's method : (1) The method is very laboiious and 
time consuming. (2) This meihud enn be appUed only in the cf^se of an element 
which can form a large number of volatile compounds. (3) The method is based 
on the belief that out oi a large number of compound^i of an element, at least one 
compound containing a single atom of the element will be available But this may 
not be true in all cases. (4) At. wt. determined b> this method is not always tree 
from error. 


* In fact, the smallest weight thus determined may not always be the atomic 
weight. Atomic weight may best be represented by the highest common factor 
(H.C F.) of the different weights of the same element found in 1 gm-moleculav 
weights of its various compounds. 
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If the atomicity (i.e, number of atoms present in the singie 
molecule) of a gaseous element is known, its atomic weight can be 
found out from the following relation : 


Atomic weight 


Molecul ar weig ht 
Atomicity 


The vapour density determined experimentally. By 

applying the relation, 2 x vapour density ^Molecular weight, the 
atomic weight can be known. 

\]^vogadro*s Namber : The values of the atomic weights and 
molecular weights as stated earlier are proportional to the actual 
weights bf the atoms and molecules respectively. So it is evident 
that 1 gm-atom or 1 gm-molecule of a substance should always 
contain a definite, constant number of individual atoms or 
molecules. 


Further, it has been deduced from the Avogadro’s hypothesis 
that the volume occupied by 1 gm-molecule of any gas is same 
under the identical conditions of temperature and pressure. 
Alternatively, it follows that 1 gm-molecule of different gases 
occupying the same volume will contain the same and constant 
number of molecules. This constant number of molecules is known 
as the Avogadro’s Number. 

^-^efinition of Avogadro's Number : Avogadro*s number is usually 
defined as the number of molecules present in 1 gm-molecule of a 
substance (an element or a compound). It is denoted by N and 
its accepted value is 6*023 X 10®^ (roughly 6 0x 10*®). 

Avogadro’s number which is independen t of the pressure and 
temperature is also equal to the number of atoms present in 1 gm- 
atom of an element. 

Thus 1 gm-molecu!e or 32 gms of oxygen, 44 gms of carbon 
dioxide, 30 gms of nitric oxide will contain 6 023 x molecules of 
the respective element and the compounds. Similarly, the same 
number of sodium atoms will be present in 1 gm atom or 22*998 
gms. of sodium. 

Absolute weight of a single molecule or an atom : As stated 
earlier, the actual weight of an atom or a molecule of any substance 
is too small to be determined by direct *\cighing. But it has now 
been found possible to find o «t the actual weight a single atom or 
a molecule of any species by dividing the gra- atomic weight or gm- 
molecular weight by the Avogadro's number. The process of 
calculation is illustrated below. 

Molecular weight of oxygen is 32 ; 1 gm-molccu)e of 

oxygen =32 gms of oxygen 

Number of molecules present in 32 gms of oxygen =N 

=='6-023 xl0*> 
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Now, actual weight of 6*023 x 10^® molecules of oxygen =32 gms 

.*• », ,, „ 1 molecule ,» 023 x 10^ 

or 5*81 >< 10“** gms. 
5*81 X 10“** 

Or „ „ 1 atom of oxygen = 2 8® 

(•.*■ oxygen molecule Is diatomic) 

Again, 1 gm-molecule of hydrogen— 2*0 16 gms of hydrogen 
(0=.16) 

The number of molecules of hydrogen present in this quantity 
will be equal to N or 6*023 x 10**. 


Now 6*023 X 10** molecules of fa>drogcn actually weigh 2*016 gras 


1 

and 1 


molecule 

atom 




M 2*016 

6-023 X 10-**^ 

2 016 _ 

2 X 6*023 X lU'* ® 


(•.* Hydrogen molecule is diatomic) 
=0*1673 X 10“*® gm=w gm (say) 
The actual or absolute weights of atoms of other elements can 
be known from the relation. 


A=axw; Where A=actul weight of an atom of a jterticular 

element 

a=atomic weight of the clement 
w=actual weight of a hydrogen atom 
Thus, the weight of one carbon atom=12*0x0 1673x 10"*® gm. 

Summary of the importance of Afogadro’s hypothesis in 
chemistry : Avogadro's hypothesis plays a very important role in 
chemistry. Although the hypothesis lias not been proved by 
direct experiments, the deductions made from it have not yet been 
found to deviate from the experimental results. This hypothesis 
is now so universally accepted that it is regarded as one of the 
established laws in chemistry. 

This hypothesis first introduced the concept of molecules and 
made a dear distinction between two kinds of ultimate particles of 
matter viz. atoms and molecules. It has offered an expUraation 
to the Gay Lussads law of gaseous volume!*. In short, it can 
reasonably be concluded t?iat Avogadro’s hypothesis has placed 
Dalton's atomic theory on firm footing and greatly extended it:, 
hopefulness. Moreover, the hypothesis is useful— (a) in determining 
the atomicity of elementary ga^^es (b) in deducing the relationship, 
M=2V.D (where M=molecular wt. and V.D=vapour density), 
(c) in deducing that the volume of a gham-molccule of any gas is 
4 litres at N.T.P. 
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This hypothesis has provided a method of determination of 
the molecular formula of a gaseous sutetance from its volumetric 
composition and established a method of finding out the atomic 
weights of elements. 


Numerical problems 


A. JW 10 c.c. of hydrogen contains 2000 molecules of hydrogen 
at Wftain pressure and temperatuie. Calculate the number of 
molecules of oxygen whose volume is 150 c.c. at the same 
temparatui;^ and pressure. 

weights of equal volumes of a gas and hydrogen are 
28'^57gms and 0*89 gm respectively under the same conditions of 
temperature and pressure. Find out the molecular weight of 
the gas./ 

(cy The density of a gaseous element is 5 times that of oxygen 
ifndtr similai conditions. If the molecule of the element is 
triatomic, what will ot its atomic weight [W. B. H. S. 1980] 

(a) According to Avogadro’s hypothesis, at the same 
temperature and pressure, 10 c.c. of oxygen will contain the same 
number of molecules as hydrogen i.e, 2000 molecules. 

150 c.c. of oxygen will contain 

or 30,000 molecules 


(b) 


According to the question, vapour density of the gas 


28 57 
0*bv 


--32*1 


By applying the relatic ’“r M- 20, the molecular weight of the 
gas -2x32* I --64-2 

(c) The vapour density of ox> gen {H and according to 
the question, the vjnour density 1 1 the g-aseou'i element —5x 16=80 
and Its raolecidar weigut -2^x80 iGO (\vogadro's hypothesis). 


As the molecule of the element is trutomic, to its 


, . , molccul »r weiaht 
atomic weght- - 



--53 33 


. 2 \(i.) The molccul ir weight ■>'* a gascois,! substance is 200. 
Wh Jt is the volume of 5 gms ot the substance at N.T.P. ? 

<]>) One litre I'f a gas at N.T.P wc'ghs l-9f)>l gms. Find the 
molecular weight of the g.is. 

(a) The molecular weight of tht. substance— 200 
.-. 1 gram-inokculc of the substaace-=2(,0 gras. 
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Volume of 1 gm-molecule or 200 gms of the substance at N.T.P 
is 22'4 litres (Avogadro's hypothesis) 

Vol of 5 gms of the substance at N. T. ^ 


=•0*56 litre or 560 ml. 

(b) At N.T.P, the weight of 1 litre of the gas= 1*964 gras 

" 22-4 litres ” ” = I *964 x 22*4 

=43*99 gms 

.*. Molecular weight of the gas=43*99. 

3. (a) Pure hydrogen sulphide is stoi><*d in a tank of 100 litres at 
0®C and a pressure of 760 mm. Calculate the weight of the gas in 
grams. 

(b) Find out the ratio of weights of equal volumes of carbon 
dioxide and sulphur dioxide botn of which are at the same 
temperature and pressure. 

(a) Gram-molecule of hydrogen sulphide (HbS)= 34 gms. 

As per question, the gas is under N.T P. 

At N.T.P 22*4 litres of hydrogen sulphide weigh 34 gms 


• >> inn »» »» t 9 34x 100 

224 

^151*78 gma 

(b) The molecular weight of C08=44 .*. 1 gm-molecule 
of C08=44 gms of COe 

At N. T. P, the volume occupied by 44 gms of COg— 22 4 litres 
The molecular weight of SOg-^64 
.*. 1 gm-molecule of 50^=64 gms of SOa 
At N. T. P, the vol. occupied by 64 gms of SOg ~-22*4 litres 
.*. The weights of equal \olum.*s (22 4 litres) COg and SO^ at 
the same temp, and pressure (N. T. P.) arc 44 and (4 gras 
respectively. 

.*. The weight ratio=44 : 64 or 11 : 16 


4. (a) Calculate the number of molecules in a drop of water 
weighing 0 04 gm How many atoms of h>drogen and oxygen arc 
present in the same quantity of water 

(b) Assuming the density of water to be 1 g'cc., find the volume 
occupied by one molecule of water. 


(a) 1 gram-molecule of water-=l8 gras of water. 

18 gms of water contain 6*023 x 10*® molecules ^Avogardo’s 

Number) 


0 04 gm „ 


contains 


6 023x10*®x0 04 
18 


= l*338xlO« 


18 


molecules 
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1 molecule of HeO contains two atoms of h>drogen and 1 atom 
of oxygen. 

So, number of atoms of hydroaen^ number of molecules of 
waterX4=l 338x 2=2 676 v 

and number of atom& of oxygen =number of molecules of 
waters 1-338 > 10^^ 

(b) Molecular weight of water 18 and according to the 
question vol of 18 gm** of water ml and the number of mole- 
cules in 18 gms of water ^6 02^ ^ 0*** 

6 023 X 10** molecules of water occupy 18 ml 


•• •• 6 023x10^" 

or 2 99x10-** ml 


(5) (a) What is the volume at N.T P. of 0‘25 gram-atom of 
chlorine gas 

(h) How many gram-atoms are present m 1-1495 gms of 
sodjum ^ (At. wt of Na -22 ^9) 

(a) At N.T.P. I gm-molccule of chlorine occupies 22 4 litres 

22 4 

,* „ 1 gm-atom „ „ „ ^ =il-2htres 

( • (hlonte IS diat 'mic) 

* >> 0 II, II ] i 2 0*25 

=2 8 litres 

(b) The atomic weight of Na '>2-99 

One gram-atom of Na 22 >9 ems of Na 
Now, 22 99 gms ot Na correspond t > 1 gm-afom 

1-1495 „ „ „ gram-atoms. 

--0-05 gm atom. 


(6) Find out tne amount of s *icid that will contain an 

equal num icr of molecules as pre''» nt in 75 gms of mine acid. 

1 gm-molctulc ot mine acid 63 gms ot nitric acid 
63 gms ( f mine acid contain 6 013 ^ 10 ^ molecules 

6 02^ Jl02»vlW5 

9t *> 9> 

1 '0575 X 10*® molecules 


Again, 1 gm-mok*cule of su'phu^u atji*- ‘A fms of the acid 
Ihen, 6 023'' 10®’ molecules are present in 98 gms of the acid 

98 s 1-^0575x10®® 

»> » •» n ^ y23 V 

- 24 5 gms. of acid 


1 50575x10®’ 


5 
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(7) 250 c.c. of a gas at N. T. P. weigh 0-7924 gm ; 


What is the exact weight of one molecule of the gas ? 
250 c.c. of the gas at N. T. P. weigh 0-7924 gm 


22400 c.c. of „ „ „ „ 


0-7924x22400 


25u 


=70-999 


gms. 

Gram>mo]ecuIe of the gas=70-999 gms. 

Number of molecules present in 70-999 gms=6 023x 10“ 


Now, 6-023 X 10“ molecules weigh 70-9 -9 gms 

”0 991 

1 molecule weighs— 3— y-,gm 

-11*78x10-23 gm. 

(8) In 93*0 gm of phosphorus calculate : 

(a) the number of gir-atoms of the elcmt'nt 

(b) the number of moles, if a molecule of pho«;phorus has the 
formula Pj. 

(c) The number of atoms of phosphj>rus 

(d) the number of molecules 

(a) Atomic weight of phosphorus— 31 

9^ 

/. Number of gm-atom«5 =3 

(b) 1 mole of P4-=4>' U gms- 124 pms. of it 

9) 

/. Number of moles of 

(c) Number of atoms^grara-at^mxN (N- ^vogrrdr^’s number) 

(d) Number of molecules-- Number oi inolesx N 

- 0 75 X 6 02 X 10 '3 --4*5 '« 5 x 10*» 

(9) Equal masses of two gas's A and B are kept in two separate 
vessels under same temncraiure and p^e*-s«!re. if the ratio of mole- 
cular weights of A and B be 2 , 3 Find the ratio of the volumes 
of the two vessels. [W. B H. S. 1982] 

Let the molecular weights of two ga«*es A and B are and Mb 
respectively and ihe weight of each of the gascb-=W j,m3. 

«»'• Hi's “-'s'*' 


Volume occupied by Mi gm of at N T P. =22 4 litres 

2>4xW 


W 


Ml 


litres 
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Again, volume occupied by M* gms of B of N.T.P.— 22‘4 litres 
* • »> f» >» W „ ,, ,, 


22*4 xW,.^ . 
litres 


Ml 


Ratio of the vols of A and B of equal mases 


3Mi 


224vW. 224xWx2_, 2_, - 
Ml “ ■ ' 3Mi “ '3“^*^ 


(10) From 200 mg of CO*, 10“ molecules are removed. How 
many moles of CO, are left 7 (A vogadr o no =6’0 x 10**) 

Mol. wt. of COi=44 
.*. 44 gms of COa- I mole of COj 

0’2 

.*. 200 mg or 0 2 gm of C 02 =^ mole of COj 


Now, 


6x 10*® molecules of CO,= 1 mole of COg 

•• •• " 4, mol. of CO. 


SO, the number of moles of CO^ left— 


/ 0-2 

\44 


60o) 


19 

"6600 


or 0’002H7 moles 


P V P Vi 

N. B. In the following examples, the relationg 

(the general gis equation obtained by combining B >yle’s law and 
Charles’ law'l has been applied. This has been thoroughly discussed 
in chapter 8. 


(11) Pind out the weight of 1‘40 litres of oxygen measured at 
O C aad under a pressure of 10 mni and also determine the number 
of molecules present in it. 

Let Vi be the volume of oxygen at N. T. P. According to the 
general gas equation. 


760x Vi ^lOx MO ^ lOx MO 
273 ~ 273 ' 7c0 


0-7 

or — litre 
■*?> 


Oxygen m'>lecule is dtatamic and its pram-molecule is 2x16 
or 32 gms. 

According to Avogadro’s hypothesis 
22‘4 litres of oxygen at N.T.P. weigh 32 gms 
0-7 - . . 32x0 -7 _ 1 

••• igl'treof '^^‘Shs 27 : 4 ;^- 35 g«n 

=0'0263 gm. 
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At N.T.P. 22*4 litres of oxygen contain 6*023 x 10^* molecules 


qj 


»» 


, . 6 023xl0*»x0 7 

contains - 


22*4x38 


=5X10*® 

molecules 


(12) The volume of 0*393 gm of a certain gas at 27°C and 7'0 
mm. pressure is 222*7 c.c. Find the vapour density and molecular 
weight of the gas. 

Let Vi be the volume of the gas at N.T.P. 


760 xVi_750 x 2227 


f or V,= 


750 x 222*7 x 273 


273 27J+27 

At N.T.P. the wt. of 1 c.c. of the gas 


760 x 300 
0*393 


or 199 99 c.c. 


199 99 


=0 00196 gm. 


We know that wt. of 1 c.c. of hydrogen at N.T.P. is 0*000089 gm 
Vapour density of the 8as=^y^g^^=22*02 


AgaiUp molecular weight=2x vapour density =2 x 22*02=44*04 
(13) A gas mixture containing 80% CO and 20% COs by volume 
exists at 27'’C and 730 mm pressure. How many grams of carbon 
dioxide are present in 1*32 litres of this gas mixture 

(W. B. H. S. 1978) 

Let Vx be the volume of the gas mixture at N. T. P. 


TheOp from the equation 


/PiVx_P«V,\ 

I Ti T, I 


760 xVx 750 X 1*52 ^ „ _750x 1*52x273 
273 273+27 760x300 


or 1*365 litres 


As the mixture contains 20% COe by vol, 

Vol. ofCOa in 1 365 litres=— ^—=0 273 litre. According to 


Avogadro's hypothesis, 

22*4 litres of CO« contain 44 gms of COg 
44x0-273 

0-273 litre „ „ contains — - or 0*536 gm of COg 
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SYMBOL, FORMULA, VALENCY 
AND EQUATION 


Tn order to simplify the study of chemistry, the chemists in the 
present da>s have accepted a universal system of using abbreviations 
or symbolisations to express all chemical changes. 

Alchemists at the Middle Age used different mysterious drawings 
and signs for the names of the substances known to them. The 
ancient Greek and Hindu astronomers represented some of the 
metals by the symbols which were the emblems for various heavenly 
bodies. Thus — 

Sun Moon Mars Venus Saturn Jupiter Mercury 

osCgnao 

Gold Silver Iron Copper Lead Tin Mercury 
Fig. ](16) Ancient symbols of metals. 

Dalton however ma^e an attempt to represent elements and 
compounds through symbols. But the symbols or notations used 
by him were of very complicated nature and were ultimately 
abandoned. In fact, the present system of using chemical symbols 

2 1eraents was introduced by Bc^dy^s In 181 ?. 

ymbol : A symbol is the abbreviated notation used for the foil 
i of an element. 

Generally, the initial letter of the English name of an element 
stands for its symbol. The letter used for this purpose must always 
be capital. Thus, the symbol of hydrogen is H, that of oxygen is 
O and of caibon is C. 

When the English names of two or more elements begin with the 
same letter, the initial letter represents only one of them and each 
of the rest is denoted by two letters where the same initial capital 
letter is followed a small letter distinctly heard in pronouncing the 
name of the element. Symbols of some elements of this type are 
given in the table in the next page. 
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Element 

Symbol 

Element 

Symbol 

Boron 

B 

Carbon 

C 

Barium 

Ba 

Calcium 

Ca 

Bismuth 

Bi 

Cadmium 

Cd 

Bromine 

Br 

Chlorine 

Cl 

Berylium 

Be 

Chromium 

Cr 


Sometimes, the letter or the pair of letters used as the symbol 
is similarly taken from the Latin (or Greek, German etc.) name 
of tbe^irfement. 

xfn the following table, the symbols of some elements derived 
their Latin (or German) names hdve been shown. 


English name 

Latin name 

Symbol 

Sodium 

Natrium 

Na 

Potassium 

Kalium 

K 

Copper 

Cuprum 

Cu 

Silver 

Afgentum 

Ag 

Gold 

Aurum 

Au 

Mercury 

Hydrar^^yruii 

Hg 

Iron 

Ferrum 

Fe 

Lead 

Plumbum 

Pb 

Tungsten 

Wolfram (German name) 

W 


1^11 meaning of a symbol : A symbol conveys infoimation both 
'''^•i^dalipitive and quantitative. 

r ^^y^ualitativcly, it denotes the full name of the clement. 


Quantitatively, it stands for (a) one atom of the element. 

(b) a quantity corresponding to the atomic weight of the 
element. 


y^xamples : The symbol ‘O’ represents the name oxygen, one 
^aiom of oxygen and 16 parts by weight of oxygen. 


Mg not only stands for magnesium, but also for one alom of 
magnesium. Moreover, it represents 24 parts by weight of 
magnesium. 


It is to be remembered that if the weight is expressed in giams, a symbol will 
represent one gm-atom of tne element and stands for the number of atoms equal to 
the Avogadro's number. 


Thus in the light of foregoing dii^cussions, a symbol may be 

Z ned as — 

The first letter alone or along with a distinctly pronounced second 
er of the English^ Latin or Greek name oj the element representing 
the full name, one atom and atomic weight vf the ekment is catted 
the symbol. 

If It is required to denote a number of similar atoms, the 
required number is placed to the iuimediate left of the symbol. 
Thus 2H, 2N represent two atoms of hydrogen and two atoms of 
nitrogen respectively. A completely dilfeient meaning is expressed 
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when a numeral is placed just below and after the symbol of an 
element. H2 and Ng indicate respectively one molecule of hydrogen 
and one moiecule ol nitrogen. Thus, the number on the right of the 
symbol stands for atomicity or the atoms present per molecule of 
the element* Three atoms 01' oxygen are contained in a molecule 
of ozone, and its molecule is written as O3 It is to be remembered 
that 2H represents two separate hydrogen atoms (not united 
together) while Ha repicsents a hydrogen molecule in which the 
ato^ are combined cheraitalJy, 

\>>^ormala (or niotecular formula) : A formola is the symbolic 
represeotdtion of the composition of the molecule of a substance both 
eiementary and compound. A totmula is also referred to as the 
molecular formula as n stands for a disci ete molecule. 

The formula of an element is denoted ^Jti.ji^bol with a 
numerical subscript (indicatirg atomicity) bel^ the right hand side. 
Thus, ib'^ formulae for hydrogen, oxygen, nitrogen and chlorine ate 
Hfl, Ojj, Ng and Cig respc, lively (each of the elements is diatomic). 

The triatomic molecule of ozone and tetratomic molecule of 
phosphorus are formulated respectively as Oj and P4 The molecules 
of the mttals like sodium, zinc and mercury are monatomic in 
van rous s’ate and are represented by their symbols i.e. by Na, Zn, 
Hg respectively. 

The atoms of the inert gases such as helium, neon, argon etc. 
exist m the free .scite S i in the the cases of these elements, their 
symbols stand for tiieir formulae. 

A molecule of a compound contains atoms of two or more 
elements in a particular rati >. In building up the formulae of 
compv'unds, the number of atoms of each (*f the elements present 
must be taken into account The formula of a compound is written 
by placing side by side the symbols of the constituent elements 
in propT order and putting a numerical subscript to tbc immediate 
right and below of each of th». symbols to indicate the number of 
atoms of that p irticuluF clement resent. A subscript of 1 is never* 
inserted in the formula. 

A molecule of carbon < ioxidc contains ore atom of carbon 
and tw * att>ms oi oxygen. No, the b»nuuld of carbon dioxide 
is COg The formula ot cane sugar is C^vH^jOn as the molecule 
of It is made up of 12 a»oins of carboa, 22 atoms of hydrogen and 
1 1 atoms rf OX] gen. 

A n»«rab?r placed to the left of z formula indicates the number 
of molecules of the substance. Thus 2HpO, iHgO, x HaO express 
two three and x molecules of water respectively, 

N. B. Tt mu^t be clearly understood that a formuh stands for only one 
moiecule of the substance but never lodicatcs the su «iance iiself. 1 be formula HgO 
represents a single n*ole<,uk ol uatcr and caniioi be ustd ic ex^^t^s wtn for a drop 
of waier. tt has been calculated chat a drop of water wiighing 0 04 gm contains 
l'3i8x 10*^ molecules of it. 
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2. It is to be noted that a conventional rule is followed in the order of placing 
the symbols of different elements in the formula of a compound. Generally, the 
symbols are arranged according to the decreasing electropositive character of the 
elements, i.e. the symbol of more electropositive element is wntten first. Of course 
exceptions to it are also observed. 

Complete meaoiDg of a formola : A chemical formula has 
qualitative as well as quantitative aspects. 

> Qualitatively, it denotes the name of the substance and indicates 
m elements of which the substance is constituted. 

/ From the quantitative point of view, it represents — 

(a) One molecule of the substance and the number of atoms 
of the element or elements present in one molecule of the substance. 

(b) the molecular weight (or formula weight) of the substance. 

(c) relative weights of the elements present in the molecular 
weight of the compound. 

(d) one gm-molecule or one mole (when the weight is expressed 
in gm) 

(e) In the case of a gaseous substance, the formula also denotes 
a volume equal to 22 4 litres at N.T.P (mol. wt. expressed in gm.) 

Examples : 

1. The formula. Cl* conveys the following information — 

(a) It indicates chlorine. 

(b) It stands for one chlorine molecule which is made up of 
two atoms of chlorine. 

(c) It represents 35*5x2 or 71 parts by weight (molecular 
weight) of chlorine. 

(d) It Indicates unit volume and a volume equal to 22*4 litres 
at N.T.P. (wt. to be expressed in gra). 

2. The formula, MgCOs supplies the following qualitative and 
quantitative information : 

(a) It stands for the name of the compound magnesium 
carbonate, (b) It indicates that magnesium carbonate is made up 
of three elements viz. magnesium, carbon and oxygen, (c) It 
stands for one magnesium carbonate molecule consisting of one 
atom of magnesium, one atom of carbon and three atoms of oxygen 
i.e., the atomic ratio of the constituent elements is 1 : I : 3. (d) It 
represents (1x24+12+3x16) or 84 parts by weight (molecular 
weight) of the compound. It further denotes one gm molecule or 
one mole (when molecular weight is expressed in gm) of magnesium 
carbonate, (e) It also tells us that 84 parts by weight of 
magnesium carbonate contain 24 parts by weight of magnesium, 
12 parts by weight of carbon and 48 parts by weight of oxygen. 

Valency : Compounds are formed by chemical combination 
of atoms of different elements in simple numerical proportions. It 
is however observed that the combining ability of atoms of different 
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elements is not the same. Analysis of a number of hydrogen- 
compounds reveals that atoms of different elements combine with 
one or more atoms of hydrogen. Thus, 


U>drogen chloride HCl 1 

(1 atom of chlorme combines with 

1 atom of hydrogen) 

Water HaO 2 

(1 atom of oxygen combines with 

2 atoms of hydrogen) 

Ammonia NHa 3 

(1 atom of nitrogen combines 
with 3 atoms of hydrogen) 

Methane CH« 4 

(1 atom of carbon combines with 
4 atoms of hydrogen) 

Similar is the case when we examine the compounds of different 
elements with chlorine. 

Chlorine-compound Formula Number of Chlorine atoms 

combining with 1 atom of 
another element 


Hydrogen chloride HCl 1 

Magnesium chloride MgClg 2 

Aluminium chloride Aids 3 

Ptatinic chloride PtCl 4 4 

Phosphorus pentachloride PCJ 5 5 


From the above hydrogen- compounds, it is clear that atoms of 
different elements have different capacities for combinins: with 
hydrogen. Based on this fact, the chemists have measured the 
combining power or valency which atoms of different elements 
possess. Results of analysis of hydrogen- compounds further 
confirm that an atom of hydrogen has the least combining capacity 
as no hydrogen compound is available (except bydrazoic acid, 
N)H) which contains one atom of hydrogen combined with more 
than one atom of any other element. So, for measuring the 
valencies of other elements hydrogen atom has been chosen as the 
standard and its combining capacity or valency is taken to be 1 . 
Therefore, the valenrv of an element may be re^^arded as its capacity 
for combining with other elements and is measured by the number of 
hydrogen atoms with which one atom of the given element can combine. 

Thus from the compounds, hydroeen chloride (HCl), water 
(H, 0 ), ammonia (NH3), methane (CH4), we can say that the 
valencies of chlorine, oxygen, nitrogen and carbon are 1,2, 3 and 
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4 respectively. Similarly from hydrogen fluoride (HP), hydrogen 
bromide (KBr) and hydrogen iodide (HI), it is clear that the valency 
of each of the elements fluorine, bromine and iodine is 1 . 

There are elements that do not combine directly with hydrogen 
but displice it easily from a hydrogen-compound. Valency of 
such an element is equal to the number '>f hydrogen atoms displaced 
by one atom of the element. One atom of zinc displaces 2 atoms 
(1 molecule) of hydrogen from dilute sulphuric acid. Therefore, 
valc^y of zinc is 2, 

Vx^o, the valency of an element may be defined as the capacity of its 
atom to combine with atoms of other elemeo*s and is measured by the 
number of hydrogen atoms which can combine with or are displaced 
by one atom of the eiement in question. 

, When an element is incapable of combining with hydrogen 
directly, its valency may be determined with reference to calonne 
or oxygen (the valencies of chlorine and oxygen are already known 
as 1 and 2 respectively). 

The metals like sodium and potassium have greater affinity 
for chlorine than for hydrogen. It has been found that one atom 
of sodium or potassium combines with one atom of chlorine to 
form sodium chloride (NaCl) or potassium chloride (KCl). As 
the valency of chlorine is 1 , the valency of eitnei sodium or potassium 
will also be 1 , From the compounds of chlorine stated^ in the 
previous table, we can say that the valenues of magnesium, 
aluminium and platinum are 2, 3 and 4 respectively. Gold is an 
element that docs not directly combine with hydrogen or does not 
displace hydrogen from a hydrogen- compound. But it forms a 
chloiide (AUCI 3 ) in which one atom of gold combines with three 
atoms of chlorine. Obviously, the valency of gold is 3. Sometimes, 
oxygen is used as a standard for determining valency. On the 
oxygen scale, the valency of an clement becomes equal to twice 
the number of oxygen atoms combining with one atom of the 
element. Thus, the valency of carbon in carbon dioxide <C Og) rr 
sulphur in sulphur dioxide (SOj' is 4. Similaily valency of 
magnesium ia magnesium oxide (MgO) is 2. 

N B, (I) In the licht of above discussions, it is better to modify the definition 
of valency as— 

Tbs valency of an element is a measure of iis combining capacity and is equal 
to the Dun^ber of atoms of h>drogcn or chlorine or twice the number ol atoms 01 
oxygen combining wiih or disiplact-d by one atom tT the element. 

(2) Valency is r*lways exprcss**d by integral numbers. It can never be a fraction. 

Classification of elements accordini; to their ralencies : The 

element having valency equal to 1 is said to be a mono or uni- valent 
clement The element, an atom of which can combine with two 
atoms of hydrogen or two atoms of other univalent elements is 
referred to as the bivalent or divalent element Similarly, the clemcnis 
are classified as trivalcnt, tetiavalent, pentavalcnt cic. according to 
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their valencies. The inert gases like helium, argon, neon etc. 
ordinarily form no compound with other elements and their valency 
or combining capacity is taken to bo zv^ro. These clemenis are 
designated as zero valent dements. 

In the following table, classification of some of the common 
elemets according to their valencies has been shown. 


Valency 

1 

^ LlenteaU 

1 

0 

Zv'rovaleot 

Helium, Argon. Neon, Kr>ptcn etc. 

1 

monovalent 

Hydrogen, Flu ainc, chlofuie, Bromine, Iodine, 
Sodium, "'otdssium. Silver, Copper (cupious) Mercury 
(mercury. us> eic. 

2 

bivalent 

Oxygeo, Siilphui Calcium, Magnesium. Zinc, Banuin, 
Copper (cupric). Tin (stannous). Mercury itiercuriO. 
Manganese (manganous), lion (ferrous), Lead (plumbous) 
etc. 

3 

tTivalent 

Nitrogen, phosphorus. TToron, Alummium, Arsenic» 
Gold, liOQ (feme), chromium, (chiomic) etc. 

4 

tetravalcnt 

i 

(" arbon, Siheon, Sulphur Tin (Staonu), Platinum, 
Lead (piun b v). Manganese etc. 

5 . 

pcntavalent 1 

1 Nitrogen, Arsen c. Phosphorus etc. 

6 1 

1 

be;.avalcpl 

Sulphur Chiomium, Manganese etc. 

7 

bcpta\alfnl 

Ch'orine, Manganc e etc. 

8 

I 

Octa valent 

Osmium. 


Compound radicals and ihtfir valencies : 

It is found that some gro* p- of aioms of d»ffer^nt elements 
occur intact in the moke ulcs ol a i un»ber of compout.ds They 
behave collectively liU smgle atoro.> *ake paa as a whi le Lheniical 
reactions but have neccssHt.ly no separate exis’CT.ce. r»ueli a gri»up 
of elements is known as a compound lad.cul or s'mply a radical. 
Thus, 

Zn BaCU 

HgS04 — — > ZIllSOj — r BdSC); 

NH4CI ^ NH4 NO3 

From the above examples, it is clear that SO^ (sidphate), NH^ 
fammonium) and NOa (nitrate) are ihree distinct ladicals. 

The idea of valency has been extended to the cases of radicals. 
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Names of some familiar radicals and their classification in respect 
of valency are given below. 

Valency 


Radicals. 

OH (hydroxyl), NH* (ammonium), 
NOa (nitrate). NO® (nitrite), HCOs 
(bicarbonate). HSO4 (bisulphate), 
HSO3 (bisulphite), CN (cyanide), Mn04 
(permanganate), CIO3 (chlorate) etc. 

SO4 (sulphate), SOa (sulphite) COa 
(carbonate), CrOa (chromate), Crfiy 
(dichromate) etc 

PO4 (phosphate), ASO4 (arsenate), 
Fe (CN>fl [ferncyanide] etc. 

Fc (CN)4 [ferrocyanide] etc. 

Variable Valency : The valency of an element is not always 
constant. There are some non-metalHc and metallic elements which 
have more than one valency. Different valencies shown by nitrogen, 
pbosph^us, sulphur, copier, iron, ^ercury etc. are tabulated 


1. monovalent 


2. bivalent 


3* trivalent 


4. tetravalent 


pper, 11 

below. 7 7 Ct- 

Element Valency 

Nitrogen 3, 5 

Phosphorus 3, S 

Sulphur 2, 4, 6 

Chlorine 1, 7 


Element 

Copper 

Mercury 

Tin 

Iron 




Valency 

1 , 2 

\ 4 
2, 3 


An inspection of the formulae of the stable oxides and chlorides 
given in the following table leads to the conclusion that phosphorus 
and iron may display variable valency. 


Element Valency 


Formulae of oxides 


Formulae of 
chlorides 


Phosphorus 3 
5 

Iron 2 

3 


PaOa (Phosphorus 
trioxide) 

P2O5 (Phosphorus 
pentoxide) 

FcO (Ferrous oxide) 
FceOs (Ferric oxide) 


PCIa (Phosphorus 
trichloride) 

PCls (Phosphorus 
pentachloride) 
FeClg (Ferrous 

chloride) 

FeCIa (Ferric 

chloride) 


It is evident that phosphorus (or iron) may exhibit variable 
valency in its compounds with the same element. Elements like 
nitrogen, phosphorus, sulphur etc may show variation in valency 
in their compounds with hydrogen and oxygen. Thus, sulphur is 
divalent in hydrogen sulphide (H|S), tetravalent in sulphur dioxide 
(SO^) and hexavalent in sulphur trioxide (SO3). Similar variation 
w'll be observed when the hydrides and oxides of nitrogen or 
phosphorus are examined. 
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An element that possesses different valencies and is capable of 
uniting v^ith both hydrogen and oxygen will exert its minimum 
valency in the hydrogen-compound and the maximum in the 
compound with oxygen. Moreover, the sum of the two valencies 
(minimum and maximum) is generally found to be 8. Tnis is 
known as Abegg and Bodlander rule. 


Compoonds 

HCl (Valency of chlorine 


C1b07 

H.S 

SO3 

NHa 

N.Oa 

PH3 

PaOfi 


Sam of valencies 

in hydrogen compound is 1)( 


if 


,, sulphur 

99 9 , 

„ nitrogen 

if f» 

„ phosphorus 


„ oxygen 

„ hydrogen 
„ oxygen 

„ hydrogen 
„ oxygen 

„ hydrogen 
„ oxygen 


f> 

if 


is 
.. 2 )) 
..6)J 
»• 3)1 
ii 3)J 


2+6=8 

3 + 5«8 

3 + 5=8 


Practical application of valency : The classification of elements 
and radicdls according to their valencies is of great importance in 
the study of chemistry The knowledge cf valency is mainly used 
in writing correct formulae of the compounds. It is seen that 
(i) one atom of a univalent element or a univalent radical combines 
with one atom of another univalent element or with other univalent 
radical, e.g., NaCl, HCl NH4CI, NH4NO3. KOH. HNO3 etc. (li) One 
atom of a bivalent element or a bivalent radical combines with 
two atoms of a un valent element or two univalent radicals ; one 
atom of a divalent element is found to unite with one atom of 
another divalent element or with another divalent radical, eg., 
HgO, CaClg, H,S04. MgO, CaS, ZnS04 etc. (in) One atom of a 
trivalent element or a trivalent radical unites with three atoms of a 
univalent element or three univalent radicals : one atom of a 
trivalent element combines with one atom of another trivalent 
element or a trivalent radical, e.g. NH3, AICI3, AI(OH)3, H3PO4, 
AIN, and AIPO4. 

Two atoms of a trivalent element combine with three atoms of a 
bivalent element, e.g., AlaOs, FctOg, etc. 

The same rule can be applied in the rases of tetra, penta and 
hexavalent elements. On inspection of the above facts, we can 
anive at a general rule of writing the formula of a compound 
consisting of two elements, two radicals or one element and one 
radical. 

If two elements A and B combine with each other to form a 
compound and if x be the valency of A and y be the valency of B, 
the formula of the resulting compound will be Thus, in the 

formula of the compound, the valencies of the elements are inter- 
changed and the numerical subscript denoting the valency of A is 
written to immediate right and a little below of B. The subscript 
denoting the valency of B is similarly placed by the right of A. 



76 


GENERAL AND PHYSICAL CHEMISTRY 


This has been illustrated in the Fig. 1(17) placing the respective 
valencies on the top of A and B. 



Fif. 1(17) 


This is to be noted further that in the 
comp >und of A and B, the valencies of 
both A and B are mutually satisfied so 
that the valency of the compound as a 
whole is zero ; hence the total valency of 
A must be equal and opposite to that 
of B. 


Thus, Total valency of A=Total valency of B 
or. Number of atoms of A x valency of A=Number of atoms 
of B X V'llenc) of B, 

Vil**ncv of A_Numbpr of atoms of B 
Valency oi B Nuniber ot aioiiis ul A 
Therefoie the formula of a binary compound (a compound of 
two elemen‘s^ will c^orain atoms of the constituent elements in the 
inverse ratio of their valencies. 

The sam? rule also holds good when combination takes place 
between two radicals or one element and one radical. 

When the valencies of the two elements (or radicals) are found 
divisible bv a c »mmon factor, they are first reduced to a simple 
ratio and then the above procedure is applied to get the formula. 
A subscript of 1 (indicating valency) need not not be written in the 
formulae. 


The definition of vale -'ey, however, fails to represenf certain tacts. Carbon 
and hyilronen combine toaether to f*rm a series of compounds suchasCiHi. 
C 1 H 4 , C»He, CH 4 in which the apparent valency of carbon js 1. 2, 3 and 4 
rcspec’ively Bur carbon i> always tctravalcnt in all of its compounds. 

Critical observation of the following compounds will help us 
in writing correct formulae of the compounds and to be familiar 
with the valencies of the most common elements and radicals. The 
valencies of the con titueat elcmv*n s (or radicals) have been shown 
in brackets by the side of the symbols repre^^enting the elements or 
radicals 


Name of compoond 

Sodium h\dride, Na(l)H(,l) 

Ferric oxide, Fe(T) O 2) 
Mignesium nitride, Mg(2*N(‘’i) 
Phosphorus pentoxide. P(5)Oi2) 
Aluminium chloride, A1 3)CI(1) 
Ammouium chloride, Nfl4(0Cl(I) 
Stannus chloride, Sn(2)Cl(l) 
Stannic chloride, Sn(4)Cin) 
Sodium hydroxide. Na(l)OHfl) 
Ammonium nitratr*, NH 4 (l)NOa(l) 
Silver nitrite, Ag(l)NOa(() 


Formula 

— Na,Hi-NaH 

— Fe^Oj 

— MgeN, 

— PgO, 

— AliCl3=-Aia3 

— NH4CI 

— SnCle 

— SnCl4 

— NaOH 

— NH4NO, 

— AgNOa 



SYMBOL, FORMULA, VALENCY AND EQUATION 


77 


Name of compound 


Formula 


Sodium phosphate, Na(l )P 04 ( 3 ) ■— 

Calcium phosphate, Ca(?)P 04 ( 3 ) — 

Aluminium phosphate A/( 3 )P 04 ( 3 ) ~ 

Ziuc sulphate, Ziii 2 )S 04 ( 2 ) — 

Aluminium sulphate, Al(3 804 ( 2 ) — 

Sodium bisulphate, Na(l)HSOi(I) — 

Potassium carbonate, K(l)COj(2) — 

Potassium bicarbonate, K(l)HC 03 (l) — 

Sodium sulphite, NdinSOgCi) — 

Calcium bisulphate, Ca( 2 )HSOi(I) — 

Potassium permanganate, K(l)Mn 04 ( 1 ) — 

Potassium dicbroniate, Ki I )Cr 207 ( 2 ) 

Potassium ch» ornate, K( I jCr 04 ( 2 ) — 

Potassium chlorate, K (1 iClO^i 1 ) — 

Silver peKhl.Mate, Ag(l)Cl' mI I) — 

P ^ta‘'sium lerrocyanidL, K'l |Fe(CN) 6 H) 
Potassium ferricyanide, K(l)[Fe(CN) 4 l( 3 ) — 


Na 3 P 04 

Ca,< P 04>2 

Al 3 (P 04 ),=AIP 04 

Z II g( SO4 13= ZnS 04 

AlglSOgla 

NaHSO* 

K.CO3 

KHCO, 

NsgSOa 

Ca»HS 04 >B 

KMn04 

K.3Cr307 

KaCr04 

KCiO, 

AgClO* 

K4Fe{(’N)4 

KaPefCNlB 


N. B : <jenerdlly, (he valencies of electropositive metals (including hydrogen 
in'* ammonium radical) arc referred to as posmve valencies and tto&e for non- 
metals and other radicals are called negative valencies 


Structural furmula or Graphic formula : 

In order to indicate easily the Unking or arrangement of the 
dificrenl atoms in a molecule, the \cilency of an atom is represented 
f y a necessary number of h)ph»j\s or small straight lines drawn 
troni ns symbol. A symbol of a monovalent element will have one 
hyphen. A symbol vvith Iao hyphens vvid represent the atom of a 
bivalent element and so on, I hus — 


Atom 

Valency 

Graphical 

reprtsentation 

H 

1 

11- 

0 

2 

— 0 — 

Mg 

2 

-Mg— 

N 

3 

— N— 


P 3 

C 4 
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On this basis, the union between the atoms to form a molecule 
takes place by joining of the valencies (represented by hyphens) of 
Che constituent atoms. 

The links thus formed between two atoms as a result of mutual 
neutralisation of their valencies arc called valfticy bonds. Thus, the 
formulae of hydrogen chloride (HO) water (HgO), ammonia (NH3), 
methane (CH4), carbon dioxide (CO3), magnesium oxide (MgO) are 
represented as 

H — -1 ci-» H— Cl (Hydrogen chloride) 

H- + — O— +— H H— O—H (water) 

3H- + — N >-H— N— H (Ammonia) 



1 I 

+ — C— H (Methane) 

1 I 

H 

0 = + =C= + =0 0=C=0 (Carbon dioxide) 

Mg~ 4- =0 Mg=0 (Magnesium oxide) 

This is to be noted that all the hyphens indicating valencies of 
atoms are completely utilised. Therefore, a molecule with an an 
atom having a free valency cannot exist. 

If the hyphens so far considered are replaced by hooks, the 
combination of atoms can be understood more easily. 


cl ►H " Ol 

Hydrogen Chlorine (Hydrogen chloride, H—CI> 

atom atom 



Hydrogen Oxygen Hydrogen (Water, H— O—H) 

atom atom atom 


9H 


4 - 



Hydrogen Nitrogen 



I / 

H 

(Ammonia, H-N— H 
H) 
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4H- 



Hydrogen atoms Carbon atom 


H 



Methane, 

H 


H-C-H 


0 ‘ Ly-z c. — s grz o 


Oxygen Carbon Oxygen (Carbon dioxide) 

atom atom atom (0*sCs*0 


Thus, the formula showirtfi a complete picture as to how the various 
atoms are linked to each other in the molecule with the aid of their 
valencies is known as structural formula. A few illustrations arc 
given below. 


molecular formula 

HNO, 
nitric acid 

H2SO4 

sulphuric acid 
Ca(OH), 

calcium hydroxide 
Na^COs 

sodium carbonate 


structural formula 

H— O— nC 

H— O. .0 

H— O'^ 

,0— H 

Ca/ 

^O— H 

,0— Na 

o=-c< 

^O— Na 


N B. (1) It must be remembered that the hyphens hooks or bonds in the form 
of dashes do not really exist. They arc ''nly used to indicate the internal arrange- 
ment of atoms in a molecule, 

(2) This typo of graphic representation is not always correct from the stand- 
point of m(^em conception of valency. 


Nomenclature of compounds : 

In naming a binary compound, i.e. a compound ^ formed by tlm 
union of two elements only, the more electropositive element ia 

6 
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named first and the other element is named after that with a suffix 
ide. In the case of a compound consisting of two non-metals, it is 
customary to begin its name with the name of the solid non-metal. 

The compounds of oxygen with other elements are known as 
oxides. Similarly, the binary compounds of sulphur, hydrogen, 
nitn gen, chlorine, bromine and iodine with other elements are 
called sulphides, hydrides, nitrides, chlorides, bromides and iodides 
respectively. Phosphorus in combination with a metal gives the 
compound named as a phosphide and the carbides are binary 
compounds of carbon with metals. 


Some examples are given below : 
Zinc oxide — ZoO 
Sodium sulphide— NaeS 
Hydrogen sulphide — KgS 
Calcium carbide— CaC 2 
Sodium hydride— NaH 


Magnesium nitride — MgsNg 
Aluminium chloride — AlCla 
Calcium bromide— CaBre 
Potassium iodide— Kr 
Calcium phosphide— CagPa 


If an element exhibits variable valency, the different compounds 
formed by it are distinguished by using the suffixes 'ous* and *ic' at 
the end of its name. The suffix *ous’ stands for lower valency 
while 'ic* for the higher valency. 


Cuprous oxide— CuaO 
(Valency of copper is 1) 
Ferrous chloride— FeCla 
(Valency of iron is 2) 
Nitrous oxide— NgO 
[Valency of nitrogen is 1] 


Cupric oxide— CuO 
(Valency of copper is 2) 
Ferric chloride— FeCls 
(Valency of iron is 3) 
N-tric oxide — NO 
[Valency of nitrogen is 2] 


Sometimes, prefixes mono, di, tri etc. are used befoic the name 
of the more electronegative element to indicate its number of atoms 
present in the molecule. 


Carbon monoxide— CO Carbon dioxide — CO^ 

Lead monoxide— PbO Lead dioxide — PbOa 

Phosphorus trichloride— -PC's Phosphorus pentachloridc— PCL 


In naming a metallic compound containing a radical, (le metallic 
element (including ammonium radical) is named first, such as 
sodium hydroxide NaOH, ammonium sulphate (NHJsSOg. The 
formula containing one or more hydrogen atoms before a radical 
represenlp an acid. Thus, sulphuric acid is HpSi ^4 ; phosphoric acid, 
HsPQ^ carbonic acid, HgCOg ; nitric acid, HNO3. 

y^hemical Eqaattous : A cbemieal leaction is the change suffered 
-iSy one or more substances in composition to produce one or more 
new .substances with new properties. We htve already seen that the 
elements and compounds are expressed briefly by their symbols and 
formulae respectively. Similarly, the chemists have devised a short- 
hand system which is intended to represent a chemical reaction 
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symbolically. This system uses symbols and formulae of the 
substances instead of words. Such symbolic expression standing for 
a chemical reaction is termed a chemical equation. As each of the 
symbols and formulae used will stand for certain weight, an equation 
will reveal both qualitative and quintitative aspects of a reaction. 
Thus — 

The short hand method of representation of a froe chemical 
reaction expressing its qualitative as well as qnantitative aspects with 
the help of symbols and formulae is called a chemical equation. 

In a chemical equation, the formulae (and symbols) of the react- 
ing substances (reactants) connected by plus (+) signs are to be 
written on the left and the formulae (and symbols) of the products 
with plus (+) signs in between them arc to be put on the right. The 
set of reactants is separated from that of the propucts by a sign of 
equality ( =). The plus ( I- ) sign on the left hand side of the sign 
of equality indcates *'react^ wtW* and that on the right means 
' The sign of equality is interprer‘dl as ** to produce \ Thus 

the equation 

Zn -f“ HoSOj “ - ZnSO| 4 - H2 

*s the symbolic representation of the statement that zinc reacts 
with sulphuric acid to produce zme sulphate and hydrogen. That 
calcium carbonate changes chemically to produce calcium oxide 
and carbon dioxide is expressed by the equation, 

OaOO,*! “=• CaO *{ CO2 

Quantitative aspects of an equation have been discussed later. 

How are chemical equations written correctly : 

In writing a correct eq ition, the following points are to he 
borne in mind. 

(1) A chemical equation is mear^ for expressing the experimental 
facts and must represent a chemical , hanpc that actually lakes place. 
In other wards chemical equation must represent a true chemical 
rciction. If a rcacti )n IS not po'i'^ible between certain substances, 
it cannot be represented by a chemical equation. 

( 2 ) In framing the cqualion, one mu«t know what substances 
arc reacting i e. (reacUns) and what arc the products formed as a 
result of the reacti ui. 

()) All substances (both eleraentai} and compound) appearing 
in an equation are to be put in liic form of thtir molecular 
formulae. 

Obviouoly, elementary uases like hydrogen, oxygen, nitrogen, 
chlorine etc arc to be written as H,, O2, 03 and Nb icspectiveiy* 
But the monatomic molc'cules of sodium and mercury are represen- 
ted by their symbols, i e. by Na and Hg. For solid metals 
non-metals, of unknown atomicity, symbols are used. Thus, aiumini* 
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um, magnesium, iroUf tin, boron, silicon, carbon are represented 
by Alt Mg, Fe, Sn, B, Si, C respectively in the equation. So, it is 
not possible to write a correct equation unless the correct formulae 
and symbols of the reactants and the products are known. 

(4) The formulae (and symbols) of reactants and the products 
are to be placed properly as already described. 

(5) To conform to the law of conservation of mass, an equation 
must be balanced (if necessary) by putting smallest, simple integral 
balancing numbers called coefficients before the formulae (and 
symbols). It is done in such a way that the same number of atoms 
of each element appears on both sides of the sign of equality. The 
coefficients represent the number of molecules that react and are 
produced. Thus, the equalization of atoms of each element taking 
pare in the reaction either as such or in the form of any of its 
compounds on both sides of the equation is known as the balancing 
of an equation. 

The equation which contains an equal number of atoms of each 
element on either side is called a balanced equation. 

Balancing of equations is done either by (1) method of inspection 
or (2) method of partial equations. How to arrive at a balanced 
chemical equation of a reaction by the applying the method of 
inspection or trial is shown below. 

The action of dilute hydrochloric acid on commercial zinc to 
produce zinc chloride and hydrogen may be symbolically represented 
as Zn+HCl-^ZnClg+H 

Such an equation which simply represents the reactants and the 
products of the reaction by the symbols and the formulae of the 
elements and compounds taking part therein irrespective of the un- 
equal number of atoms of any element on either side is called a 
skeleton equation. This is not the correct form of the equation 
as hydrogen, an elementary gas, appears in it in the atomic form. 
So, hydrogen must be brought to its normal molecular form as 
In doing so, the equation assumes the form : 

Zn+HCl-^ZnClg+H*. 

The above molecular equation which is the main skeleton equa- 
tion is still incorrect as the number of hydrogen atoms and that 
of chlorine atoms are not equal on both sides. Obviously, this form 
of equation is not in agreement with the law of conservation of 
mass. Now, by inspection, we see that if two molecules of HCl are 
taken, the above equation assumes the final balanced form : 

Zn+2HCI=ZnCI»+Ha 

So, to get the balanced equation of a reaction, the main skeleton 
equation in which the smallest stable particles i.e. atoms and 
molecules of the reactions and the products are represented by 
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their symbols and formulae is to be framed first. Finally, the 
symbols and the formulae used in the skeleton equation are to 
be multiplied by suitable smallest numbers so that the number of 
atoms of each element appearing on both sides of the equation 
becomes the same. A regular practice of the method of trial or 
inspection enables one to balance most of the chemical equations. 

A few more illustrations of equations balanced by method of 
inspection are given below 

(A) Hydrogen and oxygen combine chemically to produce 
water i«e. 

Hydrogen + Oxygen = water. 


H 

+ 

0 

-V H*0 

(using symbols of atoms of the 
elements and formula of the 
compound - skleton equation) 


i- 

0 , 

»- HjO 

(expressing each by formula - 
unbalanced molecular equation) 

2Hj 

f 

0 . 

«2H*0 

(using coefficients to make the 


number of atoms equal on 
both sides of the sign of 
equality. This is the required 
correct balanced equation) 

(B) Iron at red heat reacts with steam to produce ferroso-ferric 
oxide and hydrogen. 


Fe 

h 

HsO 

— > Fe 304 

4 - 

H 

Fe 

4 

H.O 

— >- Fe 304 

+ 

Ha 

3Fe 

b 

4H*0 

= FeA 

4 

4Ha (correct equation) 


(C) Potassium chlorate breaks up producing potassium chloride 
jnd oxygen on heating. 

KCIO^ -> KCl + O 

KCIO3 KCl i- Oa 

Heie, 3 atoms of oxygen are on the left and 2 oxygen atoms are 
on the right. 

Multiplying the formula of the reactant by 2, we get 

2KC10i=2 KCl + 30a (correct balanced equation.) 

(D) Silver nitrate reacts with calcium chloride to produce silver 
chloride and calcium nitrate. 

AgNOa + CaClg ^ AgCI r CafNOa)^ 

It is clear that 2 molecules of silver nitrate are necessary to 
supply 2 silver atoms for combining with 2 atoms of chloiioe present 
in a CaCla-molecule. Hence, the requiied balanced equation will be 

2 AgN 03 + CaCJt=2AgCl + Ca NOa). 

The co-efTicients to be used before the formulae (and symbols) in 
a balanced equation can be determined easily by algebaric method. 
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To explain ihe method, let us consider again the reaction between the 
red hot Iron and steam. The unbalanced molecular equation of the 
reaction is 

Fe + H,0 -> Fe304 + H* 

If u, b, c, d are written as the co-efficients before the symbol and 
formulae, the equation becomes 

a Fe -f b HgO ->* c Pe304 -I" d H| 

The number of Fe atom on the left hand side of the arrow is 1 
and the numbei of Fe atoms on the right hand side 3. As the 
number of atoms of any element must be equal on both sides of the 
equation, a must be equal to 3c. For similar reason, in the case 
of hydrogen atoms, 2b=^d or b— d and in the case of oxygen-atoms 
b«4c=fa. Now if the value of any co> efficient say a is taken to 
^ c— i, b=t and d=4. 

By putting the values of a, b, c and d, the equation assumes the 
following form 

Fe + fHaO ^ IFe.O* ^ 

So, multiplying both sides by 3, we get the following balanced 
equation. 

3Fe + 4H2O =Fea04 + 4H, 

By simple inspection, it is often a difficult task to balance the 
equations representing the complicated types of reactions. In such 
a case, the equation is divided into a number of Imaginary but 
possible intermediate stages each of which is represented by a 
separate equation (balanced by inspection) called partial equation. 
The balanced equation is finally arrived at by adding the partial 
equations in such a way that the intermediate products are cancelled 
and do not appear in the final equation. For coirect balancing of 
the final equation, the partial equations are sometimes, required 
to be multiplied by proper integers. 

The partial equation method of balancing equation is illustrated 
by a few examples. 

(A) Copper turnings react with hot concentrated sulphuric acid 
producing sulphur dioxide. The other products are copper sulphate 
and water. 

H.S04=S0b+H80-1 O 
Cu+O =CuO 

CuO+H*S^ 04 ==CuS 04 -fH 40 

Cu+ 2 H 2 S 04 =SdB 1 -CuS 04 + 2 H 20 . 

(B) When heated, managanese dioxide, sodium chloride and 
cone, sulphuric acid react together to form manganous sulphate, 
chlorine, sodium bisulphate and water. 

2 NaCl+2HaS04=2NaHS04+2HCI 
MnOa-h H,S 04 =MnS 04 +H. 0+0 
2HCH- O ==HtO+Cl. 

2NaCJ+Mn0.-f3H*S04=2NaHS04+MnS04+2H80+CI. 
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(C) Chlorine converts an aqueous solution of sulphur dioxide 
into sulphuric acid. 


cu 

+ 

H,0 

= 2HC1+0 

so, 

+ 

0 

~ SOg 

so. 

+ 

H,0 

= HgSO, 

CJ,+2H,0+S0g 

-=2HCl+H,SO, 


(D) Chlorine reacts with a cold solution of potassium hydro- 
xide to give potassium chloride, potassium hypochlorite and water. 

CIb+HiO=HC!+HOC1 

HC1+K0H=KC14*H20 

HOCI+KOH=KOCH-H.O 

ClB+2KOH==KCl+KOCl+HaO 

(E) Potassium permanganate reacts with hydrogen peroxide in 
acid solution producing gaseous oxygen. Other products are 
manganous sulphate, potassium sulphate and water. 

2 KMn 04 = K 20 + 2 Mn 0 + 1,0 
K2O+H2SO4 = K2SO4+H2O 
2 Mn 0 + 2 H*S 04 = 21 V!nS 04 + 2 H 80 
SHaOg = SHgO+S.O 

5, 0+5. 0 - 50* 

2 KMnO^ i-iHgSOi C5H808-=KBS64+2M[nS0i+8H20+50B ““ 

To understand this method, a student must have a sound 
knowledge about oxidation-reduction and acid-base neutralisation. 

Significance of a chemical eqaatlon : 

Eveiy chemical equation has a qualitative and quantitative signi- 
ficance. 

Qualitatively^ it signifies what substances are reacting theie in and 
are produced m a chemKal reaction. 

Quantitatmly , it tells us 

[a] the relative number of atoms and molecules taking part and 
produced in a chemical reaction. 

[b] ratio of the weights, number of moles and volumes [in the 
case of gases] in which the substances interact and the relative 
weights, moles and volumes [for gaseous substances] of the pro- 
ducts formed. Practically a balanced chemical equation represents 
a quantitative relation between the reactants and the resultants 
[products] ar.d the two fundaiucntal laws of chemistry (the law of 
definite proportions and the law of conservation of mass) and the 
Dalton^s atomic theory are chiefly expressed in it. Significance of 
a chemical equation wili be well understood from Ae following 
examples. 

(A) Equation of the reaction between zine and snlphnric acM : 

Zn + H 2 SO 4 =ZiiS 04 + Hg 
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The above equation indicates : [i] Zinc and sulphuric acid react 
chemically to produce zinc sulphate and hydrogen. 

[ii] One atom* of zinc reacts with one molecule of sulphuric 
acid to form one molecule of zinc sulphate and one molecule of 
hydrogen. 

[iii] The total number of atoms present in the reactants [viz. 
1+2+ 1+4=8] on the left side is equal to the total number of atoms 
present in the products [viz. l + l+4+2=8] on the right side of the 
equation. 

[iv] 63*4 parts by weight of zinc [at. wt. of Zinc is 65’4] react 
with 98 parts by weight of sulphuric acid (mol. wt. of II 2 SO 4 — 98) 
to produce 161*4 parts by weight of zinc sulphate and 2 parts by 
weight of hydrogen. 

(v) 65*4 gms of zinc (one gm.-atom) react with 98 gms of sul- 
phuric acid (one gm.-molecule) to form 16] *4 gms. (one gm.-molecule) 
of zinc sulphate and 2 gms. (one gm-molecule) of hydrogen. 

(vi) 65*4 gms of zinc (1 mole) reacts with 98 gms of sulphuric 
acid (1 mole) to form 161*4 gms (1 mole) of zinc sulphate and 22*4 
litres of hydrogen at N.T.P. 

(vii) The total weight of the reactants(viz. 65*4+2 x 1 + 32+ 4 x 16) 

before the reaction is equal to the total weight of the resultants 
(viz. 65*4+32+4x 16+2 X 1 after the reaction. ^ 

(B) An equation involving gaseous substances : 

N* + 3H8 =- 2NH8. 

The above equation gives us the following infoimation. 

(i) Nitrogen and hydrogen combine chemically to produce 
ammonia, (ii) One molecule of nifrogen combines with three 
molecules of hydrogen to form two molecules of ammonia, (ili) The 
total number of atoms present in the reactants (viz. 2 +3 x 2 =- 8 ) on 
the left hand side is equal to the total number of atoms present in 
the products (viz. 2(1+3)~81 on the right hand side of the equation, 
(iv) 2 X 14 or 28 parts by weight of nitrogen combine with 3 x2 or 
6 parts by weight of hydrogen to produce 2 17 or .^4 parts by 

weight of ammonia (v) 2x14 gms. (1 gm-moleculcj of iiitiogen 
combine with 3x2 gms (3 gm*molecules) of hydrogen to form 2x17 
gms (2 gm-molecules) of ammonia, (vi) Under the same cv^ndition 
of temperature and pressure, one volume of nitrogen combines with 
three volumes of hydrogen to produce two volumes of ammonia, 
(vii) At N. T. P., 22*4 litres of nitrogen and 3 x 22*4 litres of hydro- 
gen react to produce 2x22*4 litres of ammonia, (viii) The total 


* Zinc being a solid element, the molecule of it is denoted by its symbol* 
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weight of the reactants fviz. 2x14+3x2] before the change is 
equal to the total weight of the products [viz, 2[ 14+3x1] after the 
change. 

Limitations of a chemical equation : 

Although a chemical equation summarises many facts and 
supplies many valuable information regarding a chemical reaction, 
it has got certain limitations. For example — 

fi) A chemical reaction cannot tell us the physical state (solid, 
liquid or gaeous) of the reactants and the products. Thus, in the 
equation, 

C + H,0 = CO +Hj,, 

there is no indication regarding the physical states of the substances 
involved in the reaction. 

(ii) It cannot provide any information about the energy change 
taking place during a chemical reaction. In other words, it is 
not possible to know from an equation whether a reaction is 
exothermic or endothermic. 

The combination of hydrogen and nitrogen lakes place with 
evolution of 24,000 cals, of heat. But the equation depicting the 
combination, 

Ne f SH* = 2NHa 
does not indicate the thermal change. 

(iii) The conditions (whether the reaction requires application 
of heat, pressure, electricity etc, or presence of a catalyst) necessary 
foi the reaction are not known from the equation. Best yield of 
ammonia is obtained if the reaction represented by the equation 
Ng + 3H8:^2NH3 is carried out at a temperature of 550'C, under a 
pressure of 200 atmos. and in presence of iron powder used as a 
catalyst. But the equation does not provide any such information. 

(iv) The equation does not tell the rate or speed at which the 
reaction proceeds and the time required for its completion. 

(v) The concentrations of the reacting substances are not 
expressed in an equaton We know that when zinc is added to 
dilute sulphuric acid, hydrogen is evolved. But the equation, 

Zn + HgS 04 = ZnS 04 + H, 
does not give any idea regarding the concentration of the acid. 

(vi) Tne equation fails to tell us whether a reaction is reversible 
i.e, whether the products recombine to give the original reactant or 
reactants. Ammonium chloride when heated produces ammonia 
and hydrogen chloride which reunite on cooling t«> give ammonium 
chloride. This fact is nut expressed in the equation, 

NH 4 CI = NH 3 i- HCI. 

(vii) The equation docs not indicate the change of colour of the 
substances involved in the reaction and its mechanism. 
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N. B. The students should be familiar with some specific notations, now a days 
used in equations to express the nature of the reactions, energy changes and the 
physical conditions of the substances involved in reactions. 

For a reversible reaction the sign*—* in the equation is replaced by the sign 
The pair of oppovitrly directed arrows is known as the sign of reversibility. 
The sign i placed to the light side of a product indicates its precipitation. 
Similarly, the sign f denotes the evolution of the substance in gaseous form The 
symbols such as s I, g arc used respectively to indicate the solid, liquid and gaseous 
states of the reactants and the products. Ihe symbol *aq* (aqua water) implies 
that the subtance indicated is in aqueous solution. 

Let us consider the following equations : 

CaC0j?=iCa04 CO^ (1) 

( 2 ) 

C i-0*=:CO, |-9t,300 cals...(3) 

C4 2S -CSa -22,000 cals (4) 

AgNO«(aq)4-NaCl{aq)=AgCl 4- NaNOsCaq) ... (5) 

Zn(s) h HaS 04 laq)^ZiiS 04 (aq)fH 2 t (6) 

2SO,(g) -; O,(8)^L^2SO,(g)+4^.200cata (7) 

Decomposition of calcium carbonate into calcium oxide and carbon dioxid:: and 
combination of hydrogen and iodine to give hydrogen iodide are reversible processes 
(as shown in eqos (1) and (2) respectively). 

The equation (3) states that when 1 mole of carbon reacts with 1 mole of oxygen 
till completion, 1 mole of carbon dioxide is produced and 94,300 calories of heat aie 
evolved. It is an exothermic reaction. Similarly, equation (4) exptcsge.s that the 
combination of 1 mole of carbon and 2 moles of sulphur yields 1 mole of cat bon 
disulphide with absorption of 22.000 cals of heat. It is an endothermic reaction. 

The equation (5) above shows that aqueous solutions of sHver nitrate and sodium 
chloride react to produce silver chiOiide which is precipitated and sodium nitrate 
which remains in solution. Ihe equation (6) tells us that solid zinc reacts with 
aqueous solution of sulphuric acid to evolve gaseous hydrogen and to form zinc 
sulphate which remains in solution : 

The equation (7) states That (i) sulpiiur dioxide and oxygen both in gaseous 
state react together to produce sulphur trioxide gas. (ii) the reaction occurs in 
presence of platinum that acts as a catalyst, (iii) it takes place at a tempeiature 
of 450 C and (ivi it is an exothermic reaction evolving 45200 cals of heat during 
formation of every 2 moles of sulphur trioxide. 

The Greek symbol A is now commonly used to indicate that a particular 
reaction proceeds with the agency of heat. 

/ 

2NdNOa 2 NaNOj ^ O* 

Brief discassion on the important types of chemical reactions : 

(1) Synthesis or Combination : The process in which a com- 
pound is formed by the direct union of its constituents is termed 
synthesis or combination. When carbon is heated in oxxgen, direct 
union tetween the two elements takes place to produce carbon 
dioxide* Metallic magnesium at red heat directly unites with 
nitrogen to form magnesium nitride. 

C+0,==COe; 3Mg+Nft«MgaN8. 
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(2) Decomposition or Analysis : The process termed decom- 
position when a compound is converted into two or more ssmpler 
substances with altogether new properties. Po-asMum nitr le on 
heating decomposes into potassium nitrite and oxygen. Zinc 
carbonate when heated produces ?inc oxide and cat Don dioxide. 
It Is the reverse of combination 

2KN03=2KN0, , O* ; ZnCO,*ZnO+a), 

(3) Substitution or Displacement : The substitution is a process 
in which one element from a compound is expelled by a more 
active element which subsequently takes ihc place of the element 
expelled. When ziiic is added to sulphuric acid (dilute), it displaces 
hydrogen from the acid and takes its place forming zinc sulphate. 
A clean piece of iron dipped in copper sulphate solution displaces 
copper as red deposit and goes into the solution to form ferrous 
sulphate. 

Zn"f“ 112^^4 "^ZuSO^-^Hg I Fe“t“CuS04=FeS04‘4‘ Cu 

(4) Double decompostioion or Metathesis : The process where 
two compounds react to produce two new compounds by mutual 
exchange of their constituent parts is called double decomposition. 
When a solution of silver nitrate is added to a solution of sodium 
chloride, we get the precipitate of silver chloride and sodium 
nitrate in solution. 

'"“I 

AgN03 + NaCl-AgCl+NaNOg. 

I t 

Similarly, BaClg rHBS0,=BaS04+2HCL 

CaCl, {-NaaCO,--CaC03+-2NaCl ; CuSOa+HbS^^CuS+HbSO* 

(5) Addition reaction : It is a reaction in which the molecule 
of a compound adds directly to the molecule of a different substance 
and no part of any of the reacting molecules is separated. The 
product thus formed is known as an addition product. 

CO 4 Cla = COCIb 

Carbon monoxide Chlorine Carbonyl chloride 

-^6) Molecular rearrangement — Isomerisation : It is a process 
in which due to change of conditions, the atoms pereseot in the 
molecule of a compound may internally rearrange themselves to 
produce new compound having the same percentage compt sition 
but different properties. Thus, ammonium cyanate when heated^ 
changes into urea by simple rearrangement of atoms. 

^ NH4CNO = COCNHaje 

Ammonium cyanate Urea 

(7) Polymerisation : The union of two or more molecules of a 
simple substance to produce the complex molecule of another 
substance is known as polymerisation and the product thus formed 
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is called a polymer of the simple substance. When acetylene is 
passed through a red hot tube, three molecules of it combine with 
each other to form a molecule of benzene. 

3QH» = CeHfl 
Acetylene Benzene 

^ (8) Dissociation : There arc two main types of dissociation — 
(a) Thermal dissociation and (b) Electroytic dissociation. 

The thermal dissociation is a process in which a substance breaks 
up into simpler different substances on heating but the products thus 
formed recombine to form the original substance on cooling. When 
ammonium chloride is heated, a molecule of it splits up into a 
molecule of ammonia and a molecule of hydrogen chloride but 
on coollog, the dissociated products i e. ammonia and hydrogen 
chloride reunite to give amnionium chloride. This type of reaction 
IS referred to as a reversible reaction and is represented as 

NH4CI ^ NHa+HCl 

Similar examples of thermal dissociation are — 

CaCOa ^ CaO + COg ; PCI5 ^ PCh + Clg 
The process of electrolytic dissociation and other types of 
reactions such as neutralisation, hydrolysis, oxidation-reduction 
reaction, catalytic reaction etc. will be discussed in different chapters 
of this book. 


Chemical calculations 

Calculation from chemical equations involving weights of reactants 
and products : 

The quantitative aspects of a chemical equation have already 
been discussed. Since each of the symbols and formulae involved in 
a chemical equation represents a diCinite weight (usually in grams), 
the ratio of the weights in which substances interact and the relative 
weights of the products formed can be computed from it. 

Thus, froTi a correctly balanced equation, we can easily find out 
either the weights of the products formed from the given weights 
of the reactants used or the weights of the reactants required to 
produce the given weights of the products. 

In solving the problems based on weight relationship of the 
reactants and the products, the following method is to be adopted. 

1. Correct equation representing the chemical reaction is to be 
written. 

2. Atomic and molecular weights of the reactants and the 
products are to be noted down below their formulae. 

3. Weight of the substance to be determined is to be calculated 
with the help of the ratio of the weights shown in the equation and 
the data given. 
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4. The same unit is to be used throughout the process of 
calculation. 

Besides, one should remember — 


(a) Density: 


mass . _jn 
'volume* ' "v 


(b) Specific gravity=-- 


mass of the substance 


'mass of same vol of water (at 4°C) 

(c) Weight of a substance -={sp. gr. x vol.) gm. 

(d) Percentage of purity in case of a solid substance is expressed 
in terms of weight. 

Thus, when 100 parts by weight of a solid contain 90 parts by 
weight of it in the pure state, the solid is said to be 9 j% pure. 


Examples 

Calculations based on direct weights : 

(1) How much potassium chlorate will be just required to 

produce 5 gms of oxygen ? (K~:=39, Cl=‘35*5> 

2KCIO,= 2KC1 ^ 30« 

2(39+35-5-t-3xl6) 3x32 

From the chemical equation, 

96 gms. of oxygen aie produced from 24:) gms of KCiO, 

, •» 2 45 \ 5 

• ' ^ 90 ' 

or 12*76 gms. of KCIO^ 

(2) What loss in weignt will be observed on heating sufficiently 
1 gm. each of (a) potassium chlorate (b) calcium carbonate and 
(c) lead nitrate. 

(a) 2KC'lO, - 2KCI 

2x 122 5 3x32 

fleie, loss in weight will be observed due to escap<^ of gaseous 
oxygen. 

245 gms of KCIO 3 will loose 96 gms in weight 
1 gm *’ ” ” '• or 0-39 gm. in wt. 

(b) CaCOj CaO H- CO* 

100 44 

The loss in weight is due to escape of carbon dioxide 
ICO gms of CaCOs will lose 44 gms in weight 

44 



•92 


OfiNfiRAL AND PHYSICAL CHEMISTRY 


(c) 2Pb^N08)« = 2PbO + 4NOa + O. 

2(207+ 2 X 14 f 96) 4(14+32) 32 

=662 =184 

Here, the loss in wt. is due to escape of the gases /.e. nitrogen 
dioxide and oxygen. 

For 662 gms of Pb(N 03 )e. the loss in wt is (184+32) 

or 216 gms 

” 1 gm. ” '* ” ” ” ” ” or 0'32 gm 

oo2i 


(3) 1 gm of magnesium is burnt in a closed vessel which con- 
tains 0*5 gm of oxygen. 

(i) Which reactant is left in excess 

(ii) Find the weight of the excess reagent. 

Burning of Mg in oxygen is represented by the following equation 

2Mg h Oa 2MgO 
2x24 2X16 

48 gms of Mg re<j Hires 32 gms of oxygen for complete 
comoaslion 

32 

1 gm of Mg requires or 0* 67 gms of oxygen. As only 

0 5 gm of oxygen is present in the vessel, a portion of Mg will be 
left in excess. 

Now, 0'667 gm of oxygen h lequired for burning 1 gm of Mg 

^ ^ 0-667 

0'7o gm of Mg (approx I. 

(1 -0’75) or 0*25 gn ol Mg will remain unreacted. 

(4) Find the weight of calcium sulphate formed by reacting 
10 gms of chalk with same amount of HiSOj. 

The chemical reaction representing the formation of C.iSO* is 

CaCOa + HaSO, -- CaSO, |- CO^ H,0 
100 ^8 136 

lOJ gms of CaCOg react with 98 gms of sulphuric acid 
10 •’ '• '• ” ” OI 9-8 ’• ” 


The above result shows that CaCOj will react completely aaJ 
(10 -9 8) or 0‘2 gm of HiSO, will remain unused. 

100 gms of CaCOa will form 136 gms of CaSOa 

10 •’ or 13*6 gm of CaSO*. 
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(5) What weight of potassium nitrate will give on heating as 
much oxygen as can be obtained by thermal decomposition of 20 
gms of potassium chlorate ? 

2KC10, -= 2KC1 + 30a 
2x122 5 3'>'32 


245 gms ol potassium chlorate will give 96 gms of oxygen 

20 •• ” •’ or 7*84 gms 

of oxygen. 

2KNO, =-- 2KNOa ^ Oj 
2(194-14+3x16) 32 

--202 


32 gms of oxygen are produced from 202 gms of KNOa 


7 £4” ” 


>* 9f 


202 ^ 7*84 
32 ’ 

or 49 49 gms of KNOg 


Calculations imohing reactions taking place in succession. 


(6) !6 gms of p«ire niangdncse (Jioxide is healed with excess of 
ftydrochJonc acid and the gas evolved is passed into a solution of 
notass’um iodide Calculate the weight of iodine that is liberated. 

iUn 55, Cl=35*5, 1-127) 

MnO, h 4HC1 MnCI^ t 2HgO i Cl, 

55 f 2x16 2x35*5 

2K1 -f CIg 2ICCI t 

71 2v 127 

Fnim the above equations, it is evident that S7 gms of manganese 
dioxide leact wi*h hvdiot'h*oric acirj to produce 71 gms < f chlorine 
which react witn potissium iodide to liberate 254 £,ms of ludme. 

Chloiinc produced from 87 gin'* of A4nO, liberates 254 gms of 
todinc. 

*. Chlopu produced liom 16 gms Mn'>g liberates 

254^ 16 , 

- - or ^6’71 gms of Iodine 

o/ 

(7) Whdt W‘'’ght of potass'um permanginjic of ‘ 6% purity will 
yieh* on hc^^lng as miu'b oxvgen .is cm o.; ootain d by thermal 
dec uup.rsilusn of 4 332 ens of mircu< o\tdc ? 

lK -3Jl.Mn 6 6, Hg-- 200-6) 
2 II4O -- 2Ffi; + O, 

2(200-6 f 16' 2x16 

-433 2 


2KMnO« = KaMnO^ -t MuOc + Oj 

2(39-l+5«-l 4 X 16) 2x16 

-=316*2 
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The above equations show that the same weight of oxygen 
(32 gms) is obtained on heating 433*2 gms of HgO or 316 2 gms of 
pure KMn04. 

j,e, 433*2 gms of HgO give the same wt. of oxygen as given by 
316*2 gms of pure KMn04 

/. 4*332 gms of HgO give the same wt of oxygen as given by 
^ of pure KMnO,. 


Now, 96% pure KMn04 means» 


96 gms of pure KMn04 are present in 100 gms of the impure 

sample. 


3*162 


100x3-162 

96 


or, 3*294 gms of the impure sample. 


Hence, the required wt. of KMn04 of 96% purity=3*294 gms. 

(8) Chlorine evolved by reaction of 45*3125 gras of p>roIusite 
(impure MnOg) and excess of HCI is found to combine completely 
with the hydrogen produced by the reaction ('f 10 gms of 
magnesium and excess of dilute hydrochloric acid. Find the percen- 
tage of purity of MnOs in pyrolusite. 

Mg + 2HC1 - MgCI. f H, 

24 2 


MnOa+4HCl=MnCIa+Cl, 1-2 HbO ; Ha-f Cla-2HCi. 

55+2x16 71 2 71 

From the above reactions, it is evident that the hydrogen (2 gms) 
evoIVw*d by using 24 gms of Mg will combine completely with 
chlorine (71 gm) produced fiom 87 gms of pure MnOg. 

/. When 10 gms of Mg are used, the wt. of pure MnOa required 
is or, 36-25 gms. 


So, from the data given, 

45-3125 gms of pyrolusite contain 36*25 gms of pure MnOg 


100 


36-25x100 
45- J 1/5 

or, 80 gms pure MnO^ 


% of purity of MnOj«=80 


(4) 13 gms of zinc are treated with excess of sulphuric acid 
to produce hydrogen. The hydr«>gen evolved is allowed to pass 
separately through two heated tubes packed with (a) 10 gms and 
(b) 20 gms of pure and dry cupric oxide. 
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Find out the weight and composition of the residue in each case. 
(Cu=63, Zn=65) 

Zn + H*SO« = ZnS04 + H, 

65 2 

6^ gms of zint; yield 2 gms of hydrogen 

13 " ” ” “ or, 0’4 gm of hydrogen 

CuO + H, = Cu + H.O 
79 2 63 

2 gms of H)| reduce completely 79 gms of CuO 
0 4” *' ” reduces ” 15-g gjQg of CuO 

Again, 2 gms of H, produce 63 gms of copper 

04 or, 12-6 gms of Cu. 

(a) Iq the first case^ the hydrogen evolved reduces completely 
the cupric ox-de (10 gms) to produce metallic copper. 

79 gms of CuO on being reduced give 63 gms of Cu 

• 2Q *» »> t* ** f» 9» 99 63 X 10 

”79 

or, 7*97 gms of copper 
Only 7*97 gms of copper are left as residue. 

(b) In the second case, the bydrogejn evolved can partly reduce 
CuO (20 gms). So the residue will be a mixture of CuO and Cu. 

As shown above, 0 4 gms of hydrogen reacts with 15*8 gms of 
CuO. 

wt. of unreacted CuO— 20— 15*8 --4*2 gms. 

Again, 12 6 gms of copper are produced through reduction of 
15*8 gms of cupric oxide by 0*4 gm> of hydrogen. 

The resi<lue= v2 gras of CuO-f- 12 r gms of copper 
wt- of the rcsidue~4 24- 12 ^ 6-^16 8 gms. 

(10) A sample of coal contains 85% of carbon, 5% of hydrogen 
and 10% oxygen. ‘*5gra»*>f mis coal is completely burnt in a 
current of COg-lree air and the re* uldng products are successively 
passed through two weighed U *s*>es joined together and filled 
respectively with anhydrous CaCl2 and soda lime. Calculate the 
alteration in the weights of the tubes. 

When coal iN burnt in air, COg and steam are produced. The 
U-tubes containing the anhydrous calcium chloride and soda 
lime gain in weight due to absorption of steam and COs in them 
respectively. 

7 
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100 gms of coal contain 85 gms. of carbon 

1-5 " " " ” or, 1-275 gms of carbon 

100 ’* *' ” " 5 gms of hydrogen 

1-5 ” or, 0 075 gm of hydrogen. 

2He + O, = 2H*0 
4 .s6 

4 gms of hydiogen yield 36 gms of steam 

0-075 gm •' " or, 0-675 gm of steam 

Increase in wt. of CaCI*-tube— 0 675 gms. 

C “1“ Og = COg 
12 44 

12 gms of carbon evolve 44 gms of CO* 

1*275 ”” ” ” 44x1 275 qj 4.5'75 g^,g 

.*. wt. of soda lime tube increases by 4*675 gms. 

Analysis of mixtures : 

(11) 3 Ogms of a mixture of anhyd^’ous soJium carbimatc and 
sodium bicarbimate loj^e 0-348 gms in wt. on h«'ating. Calculate the 
percentage of anhydrous sod>uni carbonate in the mixture. 

The reaction involved is 

2 N*HC 03 -= Na/.O* + CO* H,0 

2(23-M + 12+48) 4t 18 

The loss in wt is due to escape of carbon dioxide and steam 
from NaHCOj NagCO* will remain unalFected on heating.. 

Where the loss is (44+ 18) or, 62 gms, the wl. of NallCO* is 

168 gms. 

,*. '* *' ” is 0-348 gm. the wt of NaHCO* is gm 

- 0-943 gm. 

So. 3 gms of the mixture contain (3-0— 0-943)=2-057 gms of 

Na*CO, 

% of NajCO* in the mixture^- -^^^y~®=68*56 

(12) A mixture of KCI.ind KI was converted to KaSO*. The 
weight of sulphate produced wss found to be equal to the weight 
of the mixture originally taken. Find the percentage composition of 
the mixture. (K^ 39 ; Cl-35 5, 1 = 1 27) 
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Let 1 gm of the mixture contain x gm of KCl. Then the weight 
of KI in the mixture i8(l-x)gm. The chemical reactions taking 
place are ; 


(i) 2KC1 f HeSO^ 
2(39+ ’5 5> 


K2SO4 + 2HCI 
2X39H 32+64 


(ii) 2KI + 

2(39 f-127) 


2H,SOi 


= KaS04 + 
174 


2^1(0+ SOg -|- Ig 


Then, 

149 gms of KCl produce 174 gms of KgSOg 

1 ^4 x: , 

^ » « “14^ gms • 

Again 332 gms of KI produce 174 gms of KgSOg 

174 xfl — Tcl 

/. (l-x) gm produces “-^2 BmsofKgSOi 


But potassium sulphate formed is equal to the weight of the 
orig nal mixture 


14^ ^ 


174 

312 


-.(l-x)-l 


Or, A— 0 73^H gm=wt of KCl. 

' , of K 1 ill the mixture 0’7394>' 100—73 94 
, of KI iu the mixture =(iOQ 73*94) or, 26*06. So, the mixture 
< onuias 73-94 KH and 26*06^, KI. 


(13) 1*873 gms of j mixtuie of sodium and potassium chloride 

with sdver nitrate 3 731 gms of silver chJonde. Find out the 
amount of sodium chloride in the mixture. (K=39, Ag=-*108) 

Let the wl. of NaCl iu the mixture be v gm 
and „ „ „ KCl „ „ „ (|•873-Jc)gm 

Tile chemical leaction show*- : 

NdCl AgNO, - AgCl + NaNOj 
23 1-35 5 JO8-1 5 5 

58 5 gms of NaCl produce 143-5 gms of AgCl 

143 5 

jc gm j XA or 2 453 a gm of AgCl 


Again, KCl + AgN'O* - AgCl -f- KNO, 
3') 1 35-5 I'.Ti 

/. 74 5 gms of KCJ produce 14.' ' gms of AgCl 

M3 5x(l-873-v) 


(1-873-a) 


74 5 


gm. 


Or (3-61 - 1-926a) gm AgCl 
2 453a + 3-61 - 1 926a— 3 731 
/. x-=0-229 gm=AmoDn( of NaCl 
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(14) A mixture of FeO and FcsOi when heated in air to a 
constant weight gains, 5% in weight. Find the composition of the 
initial mixture. (he=55‘8) 

Let us suppose that iOO gms. of the said mixture contains x gms. 
of FeO and (10(1 -x) gms of Fea04. 

When heated in air, the PeO fraction is converted into FcgOs and 
gains in weight and Fefit fraction remains unaltered. 

4FcO + Oj ■= 2FeaOa 

According to the above equation, 4(55" 8+ 16) gms of FeO are 
converted to 2(2x55'8+48) gms of FCgO* 

i.e., 4x71*8 gms FeO are converted into 
2x159 6 gms. FcgO,. 


X gm FeO is converted into 


gx 159*6xx 
txll 8 
2 


gms. FegOg 


1.59 6x 
143 6 


gm FcgOa 


It is given that the mixture gains 5% in weight. So, after heating 
100 gms. of the mixture in air to constant weight, we get, 

W+(100-^)=105. 


16a:=5x143 6 


5x143-6 

16 


=44*875 gms. 


Hence, the mixture contains 44*875 FeO and 55*125^^ o ^^304. 


Miscellaneous type ; 

(15) A sample of metailic zinc contains a little impurity 
which is inert to IICK 10 gms of the sample of the metal react 
completely with 30*1 cc. of hydrochloric acid ofsp. gr, 1*18. If 
this hydrochloric acid contains HCI by weight, calulate the 
percentage of metal in the sample. (Zn---65*38) 

Given sp. gr. ofacid=l*I8 

wt of l.c.c of hydrochloric acid— 1*18 gms 
wtof30*lc.c. „ „ “-1*18x30*1—35*518 gms 

100 gms of the acid contain 30 gms of pure acid 

35*518 ^^^^^^*=10-6554 gms of acid 
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Zn + HQ = ZnCI, + H, 

«5-38 2 x 36-3 

73 gms of hydrochloric acid react with 65*38 gms of Zn 


10-6554 


9f 


»• 99 


65- '8x10 6554 
73 


Or 9’54 gms of zinc. 


But as per question* 10 gms of zinc react with 30'lc.c. of 
hydrochloric acid. 

10 gms of the impure sample contain 9*54 gms of pure zinc 
•*• 100 ,, }g *, ,* *, „ 95'4 *, *, I* j, 

% of the metal=95*4 


Chemical calculations from equations involving weights and 
volumes. 


To work out such calculations* the correct equation representing 
the chemical reaction is to be wriiten first. The relative weights 
of the substances takmg part in the reaction can be obtained from 
the equation as described earlier. The quantities of the reacting 
gaseous substances or those of the products are to be expressed 
in volumes while the quantities of the solid or liquid must be 
expressed in weights. Further* it is important to remember — 

(I) The equation expresses the condition of reaction at N.T.P. 
i.e. at the temperature of 0®C and pressure of 760 mm. 

(2) The volume of a gas under any temperature and pressure 
is converted to that it would occupy at N.T.P. by applying the 

PiVi PgVa 

gas equation 

1 1 la 

(3) One gm-raolecule of a substance in the gaseous state 
occupies a volume of 27 4 litres at N.T.P. and vice versa. It 
is customary to express the actual volume of a gas in litres or in 
c.c. (m.l.) 

(4) At N.T.P. weight of 1 litre of hydrogen =0-089p=i0‘09 gm. 

(5) Weight of 1 litre of a gas at N.T.P. —Density of the gasx 
0*09 


( 6 ) 

(7i 


j wl of a certain vol of a gas 

Vapour density^- of same v ^Tof 

(under same temp, and pressure) 

Vapour density X 2- Mol. w:. 


Examples : 

(1) What weight of sulphur must be burnt in air so as to yield 
jO litres of sulphur dioxide at N.T.P. ? 

S “1“ 0£ SOg 
32 22*4 litres at N.T.P. 
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It is evident from the above equation, 

22*4 litres of SOg are produced by burning 32 gms of S 

V 10 

• • 22 4 

or 14*286 gms of sulphur. 

(2) 10 gms of copper and 10 gms of sulphur are separately 
heated \vith cone, sulphuric acid. Find the ratio of the volumes of 
sulphur dioxide evolved. (Cu=63, S— 32). 

The equations representing the reactions are : 

Cu+2H*SO«--CuSO« f2HjO+SOe 
63 22*4 litres 

S+2H*S04-=2Hg0+3S0g 
32 3 X 22*4 litres =67 2 litres. 


At N.T.P., 

63 gms of copper yield 22'4 litres of SOg 
. *t If ff #f 22*4x10 ,, 

63 


Again, 32 gms of sulphur yield 67 2 litres of SOg 


10 ” ” 




67 2xm 
32 




Vol, o f S O, pro duce d from copper and aci d 
Vol. of SOg produced trom suJphur and acid 

/. Ratio of voJs. of SOg is 32 ; 189 


22'4v 0 

67 ? -10 
32 


32 

189 


(3) Carbon dioxide can be prepared by burning carbon in 
oxygen or by heating sodium bicarbonate. What weight of carbon 
or sodium bicarbonate will be required to prx>ducc 33’6 litres of 
carbon dioxide in each case. 


The reactions involved are : 


C+Ob=COb 
12 22 4 litres 


2 NaHCOg^NagCOa-f-HgO+COB 
2(23+1 + 12 +48) 22-4 litres 

Now 22*4 litres of COg are produced by burning 12 gms of carbon 

•» t> *» ** »* tP 12x33 6 

. . 33 6 -22T" 

or 18 gms of Carbon. 
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Again, 22*4 litres of CO* are produced by heating 168 gtns of 

NaHCOj 

168x33*6 

® •» *• »> St 9f 99 22 4 

or 252 gms of NaHCOs 

(4) Air contains 21% of oxygen by volume. What volume of 
air will be required to burn completely lOOO gms of sulphur con- 
taining 4% non-combustible matter ? 

100 gms of sulphur contain 4 0 gms of non-combustiblc matter 
*. 1000 „ A, 40 gms „ „ „ 

Wt. of sulphur to be burnt=1000- 40-=960 gms. 

Now, S-hOg-^SOg 
32 32 


It is evident ftom the above equation, 

32 gms of oulphur combine with 32 gms of oxygen 

32 \ 960 


/. 960 




or 960 j^ras of oxygen 

32 g'ns of oxygen at N.T.P. occupy 22 4 litres 

960 /2M 


9»0 


*9 ft >> *> 


32 


or 672 litres 


As per data given, 

21 litres of oxygen are present in lUO litres of air 
. 67> ’00x672 

• • t ^ ,, I, , ,, ,« 

or 3200 litres of air. 

VoL of air tequued is 3i > litres. 


(5) How many litres of dir com iit lUti; 23% of oxygen by weight 
would be necessary to burn 17 2t> gn s ol pure carbon to carton 
dioxide. [Density i>f ut (H- 1) is 14 4; at N T,P., I btre of 
hydrogen weighs 0 09 gm] 

C f Ob -COe 
12 32 


It is evident from the above equation. 


12 gms of caibon combine with 32 gms of oxygen 


17-25, 


32x17-23 

12 


or 46 gms of oxygen 
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As per data supplied, 

23 gms of oxygen are present in 100 gms of air 

A 46 or 200 gms of air 

Density of air=14*4 ; at N.T.P., wt of 1 litre of hydrogen 

=0'09 gm 

At N T.P., wt of 1 litre of air— 14*4 x0’09=l '296 gms 

i.e., at N.T.P., 1*296 gms of air occupy I litre 

200 

•*• ,, f, 200 „ ,, ,, „ ^ 296 litres# 

.•# Vol. of air required=154*34 litres. 

(6) Hydrogen sulphide produced by the action of dil. sulphuric 
add on a sample of ferrous sulphide was found to contain 9% 
(by volume) of hydrogen as impurity. Calculate the percentage of 
iron in the sample, (fe— 56, S=^32) 

It is evident from the question that the impurity present in 
ferrous sulphide is Iron which reacts with the dil acid to liberate 
hydrogen. 

FeS + H,SO« = FeSO* + H^S 

88 22*4 litres at N.T.P. 

Fe + H*SO* -= FeSOi + H* 

56 22 4 litres at N.T P. 

Considering 22*4 litres of hydrogen as 9%, the vol. of the residual 
91% H,S=“- - litres. 


Now, 22*4 litres of H^S are obtained from 88 gms of FeS 
22 4x91 8Sv 22 4x91 

^ »» ~ 22 4x9 

or, 88Q 78 gms of FeS. 

Total weight of the mixture =889’78+56--945 78 gms 


943*78 gms of the mixture contain 56 gm^ of Fe 


/. 100 


E» 99 


^xjoo 

94^ 78 

or 


The sample contains 5 92% of iron. 


5*92 gms of Fe 


(7) 2730 c.c. of a gss mixture contain 20% of methane, 60% of 
carbon monoxide, and 20% of hydrogen. 

What weight of KClOg will be required to generate just sufScient 
oxygen to oxidise completely the gas mixture ? 
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As per given data. 

100 c.c. of the mixture contain 20 c.c. of methane 


2730 


20 x 2730 
100 


or, 546 c.c. of methane 


100 C.C. of the mixture contain 60 c.c. of carbon monoxide 

60x2730 


2730 „ 
100 

2730 „ 


lUU 

20 C.C. of hydrogen 
546 ,, ,, 


or. 1638 c.c. of CO. 


CII 4 + 208 = CO* + 2H,0 ; 2CO + O, = 2 CO* 
1 vol. 2 vols 2 vols 1 vol 


2H* + O, = 2H,0 
2 vols 1 vol 


From the above equations, it is evident that 

546 c.c. of methane are oxidised by 1092 c.c. of oxygen 
1638 „ „ carbon monoxide „ „ 819 „ „ 

546 „ „ hydrogen „ „ 273 „ „ „ 

S j total vol. of oxygen required at N.T.P. 

=1092+ 819+273^2184 c c =2184 litres 


2KC10a = 'KCI + 30* 

2(39+35 5+ 48) 3 X 22 4 litres at N T.P. 


67'2 litres of oxygen are obtained from 245 gms of KCIO, 


2 184 


245-2-184 
67 2 


or, 7*95 gms of KCIO* 


( 8 ) 1 gm of a mixture of CaCO* and MgCO* gives on ignition 
240 c.c. of C’Oj at N.T P Calculate the composition of the mixture. 

Let the weight of CaCO-, in the mixture- x gm. 

„ MgCO, „ .. --(l-x)gm. 


The chemical reactions involved are . 


CaCO* = CaO 
40+12r48 


CO* 

22' 4 litres at N,T.P. 


MgCO, = 
24+12+48 

At N.T.P. 100 gms 


MgO + CO* 

22'4 litres at N.T.P. 

of CaCO* produce 22 4 litres of CO, 
22 '4 XX 
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Again, 84 gms of MgCOa produce 22-4 litres of CO« 

^-^^^^^itresofCO* 


Now, according to the data given, 

c c.=0-24 litres 

JUU o4 


or. 


5 6x 5^{l-xi 

25"+ n 


-0-24 or. 


]17-6a^4-140-140x 


525 


r0 24 


or. -22-4x=126-140=--14 or, x-0625 
Wt of CaCOg in 1 gm of the mixture —0 625 gm. 

/. % CaCOj in the mixture -62-5 

Again, wt of MgCOa in 1 gm of the mixture=l -0 625 

=0*3 ^5 gm 

/. % MgCOa in the mixtuic--37‘5 

So the mixture contains 62*5*'o of CaCOj and 37*5% of MgCO^ 


In solvin g the followi ng pr ob lems, the gas laws equation 
descinbed in Chapter 8 has been applied 


(0 (fl) What weight of copper must be heated wdh coiic. 
sulphuric acid to produce 500 cc. of sulphur dioxide at J / C and 
750 mm, pressure ? {b) What volume of HgS at N.T B. will tc 
required to precipitate copper in the solution? (r) How much 
ferrous sulphide will give the requisite quantity of sulphuretted 
hydrogen ? (Cu=63 5, Fe-^56) 


(a) Cu + 2 HaS 04 - CUSO 4 2U^O <- SO, 

63*5 214 litres at N.TP. 

Let the voL occupied by 500 c c. of SOg at N T.P be Vi. Then 

P V P V 

applying the combined gas laws equation ’ ^ ® we get. 

*1 t g 

760xVi 750x5(0 

"~ 273 Vi^449c.c. or 0449 hire. 

22’4 litres of SO^ are produced from 63 3 gms of copper 


0-449 


63 5x0-449 


gms 


9t 99 I* l> f» 22 4 

or 1‘2728 gms of copper. 

+ HeS = CuSfH«SO. 

22-4 litres at N.T P 

At N.T.P., 63*5 gms of copper are precipitated by 22‘4 litres of H,S 

22 4x1-2728 


(b) CoSOt 
63-5 
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(c) FcS + HaS 04 
88 


FeS 04 + HaS 

22*4 litres at N.T.P. 


22*4 litres of HgS are produced from 88 gms of FtS 


0-4489 


88x0 4489 
22 4 


or 1*76 gms of FeS 

(10) A sample of dil. sulphuric acid contains 65^, of acid by 
weight and the density of the acid is 1-55. What volume of hydrogen 
at 27®C and 750 mm will be evolved when 750 gms of zinc are made 
to react with 1 litre of the above acid ? (Zn— 65) 


Wt of 1 litre of the acid = 1 000 x 1*55—1550 gms. 


From the given data, 

100 gms of The acid contain 65 gnts of acid 

1550 .. or 1007-5 gms of acid. 


Za + H,SO« -- ZnSO«+Hg 

65 98 22-4 litres at N.T.P. 


98 gms of HaS04 react with 65 gins of Zn 

1007-5 „ .. „ or 6C8-24gr«sofZn 

But amount of zinc added =-750 gns 

In the reaction, all the acid has teen converted to sulphate. 

At N.T P. 98 gms of H2SO4 produce 22*4 litres of 

1007 5 „ „ , ^ or 2'10*3 litres 

ofHft 

Let Va be the vol. occupied hydrogen at 2TC ard 750 mm. 

p V r.v 

By applying the gas Lws equation | get, 

760 X 230*3 _ Ve X 750 760 j. 230*3 x 3j00 

273 ‘” 273+27 750 x 273 

or 256-4 litres. 

Chemical calculations from equations involTiog volume and 
▼oinme. 

Endiometry : The term eudiometry refers to various types of 
chemical calculations based on the volumes cf gases taking part in 
gaseous reactions. Such reactions are generally carried out in^an 
eudiometer tute. a specially devised apparatus meant for measuring 
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the volumes of the gases. Two relationships derived from the Gay 
Lussac's law of gaseous volumes and Avogadro’s hypothesis form 
the basis of eudiometric calculations. These are — 

(i) In gaseous reactions, the simple volume ratio of various 
reactants and the products is also the molecular ratio and vice 
versa, (ii) At N.T.P, the molar volume of an> gas is 22*4 litres. 

Ha + CIb - 2HC1 

2 2x35*5 2X36*5 

1 gm-molecule or 2 gms 1 gm-molecule or 71 gms 1 gm-niolecule or 73 sms 
22 4 litres at N. T.P 22*4 litres at N.T.P 2 X 22'4 litres at N.T.P 

1 vol. 1 vol. 2 vols. 


The above equation shows — 

I molecule of hydrogen + 1 molecule of chlorine=2 molecules 

of hydrogen chloride 


or, 1 gm-molecule 

of „ f 

1 gm-molecule of chlorine='2 gm- 
molecules of hydrogen chloride 

or, 1 ml of 

,» + 

1 ml of chlorine 

ml of 

hydrogen chloride 

or, 50 ml „ 

♦f + 

50 ml „ 

-.-100 ml of 
hydrogen chloride 

So, in a gaseous reaction, the ratio of the molecules and that of 
the volumes of the gaseous substances are the same. 


H*+CI*=2HC1 



Hydrogen 

: Chlorine : 

Hydrogen chloride 

Ratio of molecules 

1 

: 1 s 

2 

Ratio of volumes 

1 

: 1 : 

2 

Similarly in Nz+ 

3 Hb = 

2NH3 



Nitrogen : 

Hydrogen : 

Ammonia 

Ratio of molecules 

1 : 

3 : 

2 

Ratio of volumes 

1 : 

3 : 

2 


Now, from a balanced chemical equation representing a gaseous 
reaction, we can get the number of molecules (moles) as well as the 
volumes of the substances taking pirt in the reaction and it is 
possible to calculate either* the volumes of the products from 
the given volumes of the reactants or the volumes of reactants 
required to produce the given volumes of the products. 

N. B Tt is to be noted further that fi) in comparing the volumes of the gases 
involved in a reaction, 1 gm-molecule of a gas is assumed to occupy unit volume. 
In all other ua‘es, the volume at N T P fi e, 22 4 litres) is taken. (») the equation 
represents the reaction at standard conditions ie at N.T.P. ^ (iii) They lumesof 
solids or liquido formed during gaseous reactions are negligible in comparison to the 
volumes of the gases and in eudiometric calculations, a solid or liquin is considered 
to occupy no volume or zero volume. 
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Equations of some gaseous reactions are stated below. 


H. 

1 vol 

+ 

CIg 

1 vol 

= 

2 HCI 

2 vols 

(No change in vol.) 

C 

Solid 

+ 

Og 

1 vol 

== 

COg 

1 vol 

( 0 ) 

2 CO 

2 vols 

+ 

Og 

1 vol 

= 

2 COg 

2 vols 

(contraction =1 voi) 

NH. 

1 vol 

+ 

HCl 

1 voi 

= 

NH4CI 

Solid 

(contraction=-2 vols) 

CO, 

1 vol 

4 - 

C 

Solid 


2 CO 

2 vols 

(expansjon=l vol) 

CH, 

1 vol 

+ 

20* 

2 vol 

= 

COg 4" <.HgO 

1 voi liquid 

(contraction=2 vols) 

2H, 

2 vols 

+ 

Og 

1 vol 


2 HgO (con traction =1 vol) 

2 vols of steam 

2H, 

2 vols 

+ 

Og 

1 vol 

= 

2 H ,0 

liquid 

(contraction =3 vols) 


Whenever hydrogen and oxygen combine together to produce 
steam which on cooling condenses to water occupying negbgiblc 
volume, there is a contraction m volume. One-tbird oi the contrac- 
tion will represent the volume of oxygen and the two-thirds will 
represent the volume of hydrogen taking part in chemical combina-^ 
tion. 

S imetimes, a gas present in a mixture of gases is absorbed by 
using a suitable absorbmt. As a result, the total volume of the 
mixture is reduced. So, it becomes ea-y t'> find out the volume 
of the gas absorbed by knowing the difference between the 
volumes of the mixtur ‘ h tore and after addition of the absorbent. 
The names of some gascs wifh their ab:>orbents are given below. 


Gas 


Absorbent 


Oxxgen, Oa 
Ozone. Og 

C rbi^n di«>xide COg & sul- 
phur dioxide SO2 

Carbon monoxide CO Sc ' 
acetylene, CgHe 
Nitric oxide, NO 
Ethylene. CgHg 


Alk^bnc pyiojallate solution 
Terpentine oil 

Caustic soda or caustic po- 
tash soItit>on 

Vn nioniacul cuprous chlo- 
ride 'i.olution. 

Ferrous sulphate soultion. 
sulphuiif acid. 


Jt may be stated here that when two elemeuiary gases of known 
atomicit> react with each other to give a gaseous product, then from 
the volume of each of the reacting gases and the product (all 
volumes being measured at the same tempr. and pressure), the 
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molecular formula of the product can be found out. For example, 
if 1 litre of a diatomic gaseous element, X reacts with 2 litres of 
another diatomic elementary gas Y to form 1 litre of a gaseous 
compound, then the molecular formula of the product will be 
X 2 Y 4 . This can easily be understood from the following equation. 

X, + 2Ye - XgY^ 

1 vol 2 vol 1 voi 

If these elementary gases react in the proportion of 1 : 3 by 
volume to produce 2 vols of the gaseous compound, then compound 
will be of molecular formula XYs. 

X* + 3Y, - 2XY. 

1 vol 3 vol 2 voi 

Nomerical examples : 

Calculations based on volumes of reacting gases : 

(1) When 100 ml of a sample of ozonised oxygen arc treated 
wUh terpentine, the volume is reduced to 70 ml. Another 100 nil 
of the same sample is heated till all the ozone decomposes, and then 
cooled to the origiridJ temperature and pressure. What volume 
will the gas occupy ? 

We know that ozone is absorbed by terpentine. So 100 ml. of 
ozonised oxygen will contain ( 00-70)— 10 ml. of ozone and 70 ml. 
of oxygen. 

203- 30a 

2 vols 3 vols 
1ml l%5ml. 

30 ml of ozone on decomposition will produce 4:5 ml of 

oxygen 

Hence total vol of the gas on cooUDg=70H-45=ll5 ml. 

(2) 20 cc. of oxygen were mixed with 100 c.c. of hydrogen at 
N T P. and exploded. Calculate the volume of the residual gas 
when cooled to the oiieinal temperature. 

2 H. -b O, - 2 11,0 

2 vols 1 vol 

2 c.c. of hydrogen combine with 1 c.c. of oxygen 

40 *9 99 »» 

(at ordinary temperature, vol. occupied by water is negligible) 

Vol of unused hydrogen or of residual gas~(100-40)c.c. 

60 c.c. 

(3) Air contains 20% of oxygen by volume. What volume of 
air is required to produce 10 litres of carbon dioxide ? 

C + Og =- COg 
1 vol 1 vol. 
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So, I vol. of CO 2 requires for its production 1 vol. of Oj 
10 litres „ requiie „ „ 10 litres of O* 

As per giverj data, 

20 litres of oxygen are present in 100 litres of air 

• * 10 9S »f 9, 39 ■*» »» 50 „ ,, ,, 

Required vol. of air-=^0 litres 

(4) What vol. cf chlorine at NT.P. would be required to 
(a) combine with !0 lines of ethylene and |b) to decompose lO 
litres of hydrogen sulphide ? 

C2H4 + CI2-- C8H4CI2 

1 vol 1 vol 

HS 4 CI 2 - 2HCI 4 S 

I vol I \^d 

Tt is evident from the above eqiir'ition^ th.'^t both ethylene and 
hydrogen sulphide requne their own volumes of chlorine for 
iciction. 

10 litres of ethylene vilj rcqniie 10 litres of chlorine and 
10 litres of HjjS will also require fO litres r»f rhi >rine. 

(5) 50 of mcfhd^e w^^re ni‘xel wi»!i c.c. of oxygen 
and the mixture was cvpi >de 1 , Cilcul iie <he cornposition of the 
resulting gas mixi »*-c, ihe i mp^uturc pressure remaining the 
sjfne. 

CH4 1 20^ - CO, ‘ :h,o 

I v.>l 2 vols 1 \ol 

Now, 1 voi. of niethan* combines with 2 vols ot oxygen to 
pr'>duce 1 V(d rf d» >x’de 

^5 cc. of meihane will combine with % c.c. of oxygen to 
produce 45 c c of cd*boa dioxide, 

vol of unreacied incthaiie- -0— 45 — 5 c.t, 

and,, M COyfoimd 45 c.c. 

(6) 750 cc ot carb^Pix dioxide are pa^ss-d ii\er red hot carbon. 
The volume becomes 1050 cc Find die composition of the 
products assuming that a \ ^hcgises a^e nioa^nred at N.T.P. 

Cih 4 C - 
I vol <*■ 'ols 

From th-i above cquati a. It dear that the vol. of carbon 
dirxide is doubted w jen it i". passed over red hot carbon and COg 
in c inverted to CO. In this case, only a pirt of COa has been 
reduced to CO 

Let X c.c. of COa has been reduced by carbon to produce CO. 
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Then, vol- of CO fojrmed=2jip c.c. 

Vol. of COb unreduced=(750— jc) c c. 

/. (75J-Jc)+2x=1050 Jc=300 

Hence vol of carbon monoxide formed=2 x 300=600 c.c. 

/. After the reaction, the gas mixture will contain 

750-300=450 c.c of CO^ and 600 c.c. of carbon monoxide. 

Composition of the gas mixtures : 

(7) A sample of coal gas contained 45% Hg, 30% CH4, 20% CO 
and 5% CgHg. 100 c c. of the gas were mixed with IhO c c. of oxygen 
and exploded. Calculate the volume and composition of the 
resulting mixture when cooled to the original temperature. 

The equations representing the combustions are — 


(i) 

2H* 

2 vols 
43 c.c. 

+ 

0 . = 

1 vol 

22-5 c.c 

2H,0 


(iO 

CH. 

1 vol 
30 c.c. 

-1- 

20^ = 
2 vols 

60 c.c. 

CO» 4 

1 vol 

30 c.c. 

2HjO 

(iii) 

2CO 

2 vols 
20 c.c. 

+ 

Og = 

1 vol 

10 c.c. 

2COe 

2 vols 

20 c.c. 


(iv) 

2C*H* 
2 vols 

5 c.c. 

+ 

50e 

5 vols 
12*5 c c. 

= 4CO, + 

4 voJs 

10 cc. 

2H*0 

At ordinary 
negligible. 

temperature, the 

volume occupied by water 


So the resulting gas mixture will contain carbon dioxide and 
unreacted oxygen 

Vol of the gis Oxygen used Vol. of COg formed 


(i) 

Hydrogen, 45 c.c. 

22 5 c.c. 


(ii) 

Methane, 30 c c. 

60 c c. 

30 c.c. 

(iii) 

Carbon inoni»Xide 20 c.c. 

10 c.c. 

20 c.c. 

(iv) 

Acetylene, 5 cc 

12*5 c c. 

10 c c. 


Total 105 00 c.c. 

Total 


Oxygen left unused - ( 160 - 105*0) --53 c.c. 
Caibnn dioxide formed -=60 cx. 

Total vol. of the residual mixture= (55+60) -115 c c. 


(8) 10 c.c. of a mixture of carbon monoxide, methane and 
ethane were mixed with 40 cx. of oxygen and the mixture was then 
exploded. After cooling, the residual gases were found to consist of 
12 c.c. of carbon dioxide and 23 c.c. of unused oxygen. What was 
the composition of the gas mixture ? 
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Let the vol. of carbon monoxide in the inixture=x c.c. 
vol of methaQe=>' c.c. and vol of ethane=-z c.c. 
x:-|-j^-Hz=IO c.c. 

The equations representing the oxidation are — 


2 CO 


Oa 

« 2 COa 



2 vols 


1 vol 

2 vols 



CH4 

"1“ 

20a 

COa 

+ 

HgO 

I vol 


2 vols 

1 vol 


2CaH« 

4 

70a 

=- 4COa 


6HaO 

2 vols 


7 vols 

4 vols 


vol of gas 



vol of Og used 


vol of COg formed 

Carbon monoxide. 

X c.c. 

? c.c. 


X c.c. 

Methane, y c.c. 


2y c.c. 


y c.c. 

Ethane, z c.c. 



(’)zc.c. 


2z cx. 

x+y+z= 

10 






|4-2;;+j2=40«23=17 
x-{-y-h2z -12 

On solving, x— 4 c c. ; y=4 cc ; z-2 c.c. 

9. 60 cx. of a mixture of nitrogen and nitric oxide are passed 
ovei ignited copper and the giseous products are collected and 
found to occupy 40 c c. Calculate the percentage composition 
of the mixture. 

Total vol of Na and NO=:50 c.c. 

Let the vol. of be x c.c 

Then the vol, ot NO~(50 -a) c.c. 

2NO 4 2Cu ~ 2CuO { Na 
2 wols 1 vol. 

From the above equation 2 vols nitric oxide produce I vol of 
nitrogen. 

(50 -x) c.c. of nitric oxide produce ' c c. of nitrogen 


oxide. 


X -30 c c. or vol of nitrcgei and 
(50- 30) —20 c.c. or vol of Mine oxide. 


. r. .. , 30 n100 

% of nitrogen by volume— - oO 

2^/>r'00 .. 

% „ nitric oxide ,, = — -=40 

The mixture contains 60% of nitrogen and 40% of nitric 


8 
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(10) 29 cx. of a mixture of CO 2 , Ne and Og at N.T.P 
decreases to 21 cx. when shaken with KOH. A further contraction 
of 15 c.c. is observed when an electric spark is passed through the 
remaining gas ; but there is no further contraction when the residual 
gas is shaken with alkaline pyrogallate. Calculate the percentage 
composition by volume of the original mixture. 

CO 2 is absorbed by KOH 
vol. of C02=(29-21)=8 cx. 

.. „ percenf=®^25°°-27-58% 

As a result of combustion, the total vol. of O 2 is used up as the 
residual gas does not suffer any contraction when shaken with 
alkaline pyrogallate. 

Moreover, as per given data, the residual gas does not contain 
hydrogen i.e. the residual gas consists of nitrogen only. The 
contraction observed on explosion is due to the combination of 
oxygen and hydrogen forming water which occupies negligible 
volume. 

Let the vol. of be x c.c. 

2Hb + Ofi = 2 HbO 

2 vols. I vol 

2x c.c. jc cx. 


2jc+jc=15 X— 5 c.c. = vol of Op 

vol. of Oa perccnt=^^= 17*24% 
vol. of He=jrx2=(15 -5)=10 cx. 

Hence vol. of H* percent— 34*48% 

vol. of nitrogen or the residual gas=29 c.c. — (8+5+10) cx 

=6 cx. 

/. vol. of nitrogen percent^ —20*69% 

Determination of molecular formula of a gas : 

(11) At N.T P., 20 cx. of nitrogen dioxide when passed over 
heated copper yield lOcc of nitrogen. The vapour density of the 
oxide is found to be 23. What is the molecular formula of the 
oxide 7 

Let the mol. formula of the oxide NjcO^ 

Nitrogen dioxidc+Cu->CuO+Na 

20 c.c. 10 c.c. 
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2 molecules of nitrogen dioxide contain 1 molecule 

or 2 atoms of nitrogen 
1 .> ,> „ contains | molecule or 

1 atom of nitrogen 
(since nitrogen molecule is diatomic) 
So the molecular formula may be represented as NO,, 
molecular wt.-=14+16>’ 

Again „ -=2 x vapour density =2 x 23 =46 

14+l6y=46 or y=2 
Hence, the formula of nitrogen dioxide is NOg 


(12) 8 c.c. of nitric oxide were heated with a spiral of iron by 
means of electric current. On cooling, the volume of the gas left 
was found to be 4 c.c. at the original temperature and pressure. 
136 8 c.c. of nitric oxide at N.T.P weigh 0*18 gm. Deduce the 
formula of nitric oxide from the data. 

Let the molecular formula be NjcO>>. 

Nitric oxide+Fc-vFeO+Ng 
8 c.c. 4 c.c. 


2 vols of nitric oxide contain 1 vol. of nitrogen 
2 molecules of nitric oxide „ i molecule of 


1 molecule of „ „ contains ^ molecule or 

1 atom of nitrogen 

So, the formula may be represented as NQv and 

its moJ. wt.--14+i6y 


Now, at N.T.P. 136*8 c.c. of nitric oxide weigh 0*18 gm. 


„ „ 22400 


0*18 x 22400 
136*8 


or 29*4 gmSi 

So, the molecular wt. of nitric oxide=29’4 
14-f-16y=29*4 or 
Formula of nitric oxide is NO. 


Miscellaneous : 

(13) A sample of potassium chlorate contains some potassium 
chloride. The oxygen obtained by healing 1*55S gms. of the sample 
is just sufficient for combustion of 152 c.c. of acetylene at 2VC and 
750 mm. Calculate the percentage of potassium chlorate In the 
sample. 
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Let Vi be the voi. of acetylene atN.T.P. Applying the gas 
P,V, PjVa 

equation, -j- ’= • we get 

760 xVi 750x152 V — 136’5 c c 
273 “ 273 +27 " V,-136 3c.c. 

2CeH* +50, = 4C0,+2H,0 
2 vols 5 vols 

It is found from the above equation. 

2 c.c. of acetylene for its combustion require 5 cx. of Oe 

5x136-5 

•*« 13d 3 c«c* .9 ^ ij *» ft ' 2 ” 

or 341*25 cx. of Ob 

Again, 2KCI03=2KC1+30 b 

2x122*5 3 x22400c.c. 

3 X 22400 cx. of oxygen are prepared from 245 gms of KClOs 

2»5x 341*25 

/. 341*25 9, ,9 ,9 9. 


or 


3x22400 
1-244 gms ofKClOg 


1-244X 100 

% of KClOa in the sample= — 

The sample contains 80% KClOs. 


Determination of molecular formula of a gaseous hydrocarbon by 
EudiomeCrlc method : 

The molecular formula of a gaseous hydro-carbon is generally 
determined by exploding a known volume of it with excels of 
oxygen in a eudiometer and then noting down the volume of carb^'n 
dioxide formed and ox>gen used up fiom the successive contractions 
in volume. In this method, the molecular formula is found oi>t 
without knowing the percentage composition and molecular weight. 

A known volume of pure hydrocarbon is mixed with a known 
volume of excess of pure oxygen in a eudiometer tube and exploded 
when the hydrocarbon is coinpietely oxidised to caibon dioxide and 
steam. On cooling, a contraction in volume takes place which is 
due to condensation ot st^am to liquid water occupying a negligible 
volume and may also be due to volume changes produced as a 
result of the combustion. 

The residual gas mixture (carbon dioxide and oxygen) is then 
treated with NaOli or ROH which completely absoibs carbon 
dioxide. The second contraction in volume w'lll give the volume 
of carbon dioxide formed. The residual gas whose volume is also 
noted is unused oxygen. All volumes are measured under the same 
conditions of temperature and pressure. Then, the formula of the 
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hydrocarbon can be arrived at from the volume of hydrocarbon 
taken, the first contraction in volume after sparking and the second 
on treatment with alkalL 

In this connection, it should be noted that — (i) A part of the 
oxjg^’n used produces carbon dioxide by oxidising the carbon 
present in the hydrocarbon and the other part converts hydrogen of 
the hydrocarbon to water* 

(ii) C+ O, - COi 

1 vol 1 vol. 

/. The volume of carbon dioxide produced is equal to the 
volume of oxygen used up in the oxidation of carbon. 

(iii) 2H, + O, - 2H,0 

2 vols 1 vol water 

In producing w’ater, the volume of oxygen used up reacts with 
tWice its own volume of hydrogen and this amount of hydrogen is 
a? lilable in the hydrocarbon. 

For calculating the formula, three cases are to be considered. 

(A) When the volume of oxygen added and two contractions 
are known. 

(B) When the volume of oxygen added is not known but two 
contractions are known and the density of <he hydrocarbon is not 
given. 

(C) When the volume of »>\vgen added is not known but the 
density of the hydrocarbon and the first contraction are given. 

Examples 

fAl When the volume of oxygen added and two contractions are 
known : 

(1) 20 ml of a gaseous hydrocarbon were mixed with 50 ml of 
oxygen and exploded in a eudiometer tube. On cooling, the 
volume was found to be ^*0 ml, On adding KOH, the volume was 
further reduced by 20 ml. Calc late the molet ular formula of the 
hydrocarbon. (All volumes were measured under the same condi* 
tion of temperature and pressure). 

Vol. of hydrocarbon— 20 ml ; Vol. of oxygen taken— 50 ml 

Second contraclion - -Contraction in voi on treatment with KOH 
— vol. of CO, formed 20 ml. 

First contraction m vol--20-l-50 -30=40 ml. 

Vol of unused oxygen=30-20=10 ml. 

Vol. of oxygen used up— 50~ I0'=40 ml. 

Now, COa contains its own volume of oxygen or 20 ml of COg 
contain 20 ml of oxygen. 
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/. (40 -20)=20 ml oxygen have combined with hydrogen of 
the hydrocarbon to produce water. And 20 ml of oxygen must 
have combined with 40 c c. of hydrogen. Hence, 

20 ml of hydrocarbon contain 40 ml of hydrogen and give on 
explosion 20 ml of CO2. 

Or, 1 vol. of hydrocarbon contains 2 vols of hydrogen and give 
1 vol. of CO* on explosion. 

Now, according to Avogadro’s hypothesis I molecule of the 
hydrocarbon contains 2 molecules of hydrogen and gives 1 molecule 
of CO2. 

So, 1 molecule of the hydrocarbon contains 4 atoms of hydrogen 
and 1 atom of carbon (*.* Hydrogen molecule is diatomic and 
1 molecule of CO3 contains 1 atom of carbon). 

Hence, the molecular formula of the hydrocarbon is CH4 

Alternative method ; Let the formula of the hydrocarbon be 
C^Hy. The balanced equation for its oxidation is 

C (Hy = XCO2+ fH20 

1 mol (x f y/4) mol x mol 
1 vol (xi~yl4) vol x vol 
20 c,c. 20(x:+f ) c.c. 20;i: c.c. 

Vol of hydrocarbon taken —20 c.c. 

Vol of oxygen taken— 50 c.c. 

Contraction with KOH=vol of COg fotmed==20 c.c. 

Vol. of oxygen left unused— 30-20=10 c.c. 

Vol, of oxygen used up = 50 - 10=40 c.c. 

As shown by the equation given above, 20 c c. of hydrocarbon 
requires 20{x+i) c.c* of oxygen for combustion and will produce 
20;r c.c. of carbon dioxide. 

20 a :=20 or x=l 

also, 20(v 4-;j)=40 or 20(11-^=40 or j;— 4 
Mol. formula of the hydrocarbon=CH4 

[N.B. The equation for oxidation as given above can be derived 
thus— 

When exploded with excess of ox>geii, every molecule of the 
hydrocarbon of the formula Hy will form x molecules of CO,» 
and ^ molecules of water. So, the total number of oxygen atoms 
required for the complete combustion of I molecule of h3drocarbon 
=(2x:+?)* or, the total number of oxygen molecules required for 
the purpose of combustion of I molecule of hydrocarbon 
The equation for complete oxidation is 
Ca:Hy+(:r+lt)Oa=:vC08+|Ha01 
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(2) 10 ml. of a gaseous hydrocarbon are exploded with 100 ml. 
of oxygen. The residual gas on cooling is found to measure 95 ml. 
of which 20 ml are absorbed by caustic potash and the rest by 
alkaline pyrogallol Determine the formula of the hydrocarbon. 

Vol of the gas absorbed by K01I= vol of CO 2 formed=20 ml. 

alk. pyrogallol=vol of unused 

oxygen=95~20=75 ml. 

Vol. of oxygen used up 100-75=25 ml. 

Now, COg contains its own volume of oxygen or 20 ml, of CO^ 
formed contain 20 ml. of oxygen. 

(25 -20)=5 ml. of oxygen have combined with hydrogen of 
the hydrocarbon to form water and 5 ml. of oxygen must have 
combined with the double vol. or 10 ml. of hydrogen. 

10 ml of the hydrocarbon contain 10 ml. of hydrogen and 
jQiive 20 ml, of CO? 

Hence, according to Avogadro*s hypothesis, 1 molecule of the 
hydrocarbon contains 1 molecule of hydrogen and gives 2 molecules 
of 2 molecules of COg contain 2 atoms of carbon and 

1 molecule of hydrogen contains 2 atoms of hydrogen. So 1 raohcule 
of the hydrocarbon contains 2 atoms of carbon and 2 atoms of 
hydrogen 

The moleculnr formula of the hydrocarbon is CgHj 

[B] When the volume of oxygen admitted is not known. 

(3) 15 c c. of a gaseous hydrocarbon were exploded with excess 
of oxygen and cooled. There was a contraction of 45 c.c. On 
treating with KOH, there was a further contraction of 45 c.c. 
Find the molecular formula of the hydrocarbon. 

First contraction after cxpIosion=45 c.c. 

Second contraction on treatment with KOH—vol of COg formed 

=45 c.c. 

/. First contraction = vol. of hydrocarbon vol. of 

o\ygen used up- vol. of COo formed 

45- 15 ^ vol. of oxygen us^.d up -45 

Vol, of O 2 used up=75 c.c.=vol. of oxygen which has 
produced water ard 45 c.c. of COg from the hydrocarbon 

45 c c of CO, contain 45 c.c. of oxygen 

(75 -45) or 30 c.c. of oxygen have combined with hydrogen 
present in 15 c.c. of the bydroc^'rbon to produce water. Further 
this 30 c.c. of oxygen must have combined with 60 c.c. of hydrogen. 
Hence, 15 c.c. hydrocarbon contain 60 c.c. of hydrogen and give on 
combustion 45 c c. of COg. By Avogadro’s hypothesis, 

1 molecule of hydrocarbon contains 4 molecules or 8 atoms of 
hydrogen and gives 3 molecules of COg. 
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Moreover, 3 molecules of CO^ contain 3 atoms of carbon. Thus, 
the molecular formula of the hydrocarbon is CaHe* 

[C] When the volume of oxvgeo added is not knowot only the 1st 
contraction and density of the hydrocarbon are known. 

(4) 20 ml of a gaseous hydrocarbon are exploded with oxygen 
avoiding excess. On cooling, the volume contracts by tO ml. The 
density of the hydrocarbon is 22. Find the formula of the hydro- 
carbon. 

Lef the molecular formula of the hydrocarbon be Ca-H^ 

Here, the contraction occurs as the voL of the hydrocarbon and 
the vol. of oxygen used up for oxidation of ^arbon and hydiogen of 
the hydrocarbon are eliminated. Now the vol. o** CO* formed is 
equal to the vol. of oxygen required to combine with catbon of 
the hydrocarbon. 

The contraction- vol of the hydrocai bond- vol. of oxygen 
combined with carbon of the hydrocarbon -I- vol. of oxygen 
combined with the hydrogen of the hydrocarbon- vol. of CO^ 
formed. 

60 ml— 20 ml+vol of oxygen combined w»th hydrogen. 

Vol. of oxygen combined with hydiogen -60 -20~40 ml. 

1 he vol. of hydrogen present in the hydrocarbon is twice this 
vol. or 40 X 2—80 ml. 

.*• 20 ml. of the hydrocarbon contain 80 ml. of hydrogen 
According to Avogadro’s hypothes's. 

1 molecule of the hydrocarbon contains 4 molecules or 8 atoms 

of hydrogen. 

So, the hydrocarbon may be represented as 

Molecular weight of the hydrocarbon— 12x-f- 8 

Density of the hydrocarbon =2 2 (given) 

/. Mol. wt of the hydrocarbon- 2 X 22 =44 

12x+8=:44 .’. jc=3 (number of carbon atoms) 

Molecular formula of the hydrodarbon is CjHs 

Vapour density : The term vapour density has already been 
referred to in connection with one of the main deductions of 
Avogxdro’s hypothesis and it has been shown that the molecular 
weight of any gas is twice its vapour density. 

The density of a substance means its mass per unit volume. The 
density obtained by expressing the mass in grams and the volume 
it occupies in millilitres is called the absolute density, 
j ^ (mass of the substance) 

• • (volume ot the substance) 
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• substance (i n gms) 

V ® Vol. of the substance (in ml) 

—Absolute density. 

It is to be noted that the density has a unit. The volume of a 
gas has a marked sensitivity to changes of temperature and pressure 
ahhougli its mass remains unaUered. It is obvious that the density 
of a gas ch'mges considerably even for minor changes of tempera- 
ture or pressure Hencr when the density of a gas is stated, its 
temperatuie aid pressure must be mentioned. 

For a gas, the absolute density is very low. So, the density of a 
gas is generally expressed as the normal density which is the weight 
of 1 litre of the gas at N T.P. At N T P the density of hydrogen is 
0*000089 gm and that ot carbon dioxide is 0 00198 Therefore, the 
normal densities of hydrogen and carbon dioxide are 0 089 or 0'09 
(approx ) gm and l gms. respectively. 

For various reasons, the vapour density or relative density is 
preferably used in place of norma] density. 

The vapour density is u number that repre'.ents Ii*>w many times 
the given volume cf a gas is heavier than the same vc lume of 
hydrogen under the same conditions of temperatuie and pressure. 

given vol. of a gas or vapour 
wt. ot an equal vol ot hydrogen 

As the vapour density u n pure number it has no unit. 


Vapour density of CO^— 


wt of F c c. of carbon dioxide 


wt. of y V c. of hydrogen 
(Under the similar conditions of tempr and pressure) 


wt. of 1 c c of carbon dio xide 
wTT of 1 c.c. of hydrogen 

(under similar condition) 

0 00198 
00000 ^ 


Vapour density of carbon dioxide is 22 

The density of a gas changes wiin the temperature but its relative 
density is independent of the temperature. 

The normal density of hydrogen -0 09 gm 
Relative density or vapour density of a gas 

normal density of the gas 
noriiiai density ol Uvontgen 

normal densiU of a gas-=va,ii*ur density x 0*09 
i.e. wt. of 1 litre of any gas at N.T P.-=vapoui density x 0*09 
The lelative density of ^^apour produced on vapoiisation of a 
solid or a liquid substance is also expressed as the ratio of the 
density of vapour to that of hydrogen. Thus, the vapour densities 
of water vapour and chloroform are 9 and 59 68 respectively. 
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ilmpirical and Molecular formulas : 

Empirical formula : The empirical formula of a compound is the 
simplest formula which expresses the simple whole number ratio 
of atoms of its constituent elements or the relative number of each 
kind of atom present In the molecule and is deduced from the 
percentage composition of the compound. 

Molecular formula : The molecular formula of a compound 
represents the actual number of atoms of each of the constituent 
elements present in one molecule of it. 

Thus, the empirical formula denotes merely the atomic ratios 
but the molecular formula gives the exact number of atoms of 
various elements constituring the molecule ^ f a compound. 

For example, 

Benzene is a compound of carbon and hydrogen. Analysis 
shows that the ratio of atom of carbon to that of hydrogen in the 
compound is ] : lie. its empirical formula is CH. But actually, 
a molecule of benzene consists of 6 atoms of carbon and 6 atoms 
of hydrogen. So, the molecular formula of benzene is CeHc’ 
Similarly, the empirical formula of hydrogen peroxide is HO while 
its molecular formula is H 2 O 2 . 


Calcnlation of Empirical and Molecular formulae--RclatioD 
between the two : 


Calculation of empirical formula : Let two elements \ and H 
combine chemically to form a compound having the formula A j^B, 
where x and y are the number of atoms of A and B respectively. 
Let a and b stand for the atomic weights of A and B respectively. 
Molecular weight of the compound AxBy- axA-by 

— . * rA axxlOO , 

The percentage of A--=— . and 


the perantage of B- 

perce nt age o f A^gxx 100 ^ a x-\-hy __ax 
percc^age of B Qx-{-hy byxWO by 
percentage of A , percentage of B_ 


:x : V 


o percent age of A ^ per centage o f B 
atomic weight of A ' atomic weight of B 

^number of atoms of A : number of atoms of B. From the 
above, it is evident that ibe number obtained by dividing the 
percentage of an element by its atomic weight is directly 
proportional to the number of atoms of that element m the molecule 
of the compound. Hence, the relative number of each kind of atom 
can be found out from the percentage composition of the 
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compound. On this basis, calculation of empirical formula involves 
the following steps. 

(i) The percentage of each element is divided by its atomic 
weight so as to gel the ratio of the number of atoms present. 

(ii) If the ratio contains fraclional terms, it is to be expres^d 
in whole numbers by dividing each term by the lowest one. (H.C.F.) 

This is necessary because atoms are indivisible and number of 
atoms in a formula must be integral. 

(iii) If the figures thus obtained arc still not whole number^ 
they are further reduced to whole numbers by multiplying with 
the smallest whole number. Sometimes, minor fractions arc 
neglected and rule of approximation is applied for getting the 
whole number. 

The simple atomic ratio so obtained gives the empirical formula 
of the compound. 

Calcalation of molecular formula : The molecular formula^ of a 
compound may be the same as the empirical formula or a simple 
multiple of it. The two formulae are related to each other as 

Molecular formula=(EmpiricaI formula), i 

where n is a simple integei and may have values 1 , 2, 3, 4 and 
so on. Thus when n^l, there is no difference between the 
molecular formula and the empirical formula. It follows from the 
abo\e relation that 

_ Molecular weigh t 

Empirical formula weight 

, . The value of n is easily obtained by dividing the molecular 
weight of the compound by its empirical formula weight. 

The empirical formula weight is the sum of atomic weights of all the atoms of 
dificrent dements present in the formula 

So, the empirical formula when multiplied by the value of 
n gives the molecular formula. As has been shown above, the 
determination of the value of n requires the knowledge of molecular 
weight of the compound. 

Illastrations : Water is a binary comound of hydrogen and 
oxygen. The ratio between the atoms of hydrogen and oxygen 
in the compound has been calculated as 2 : lie. its cmpirK^l 
formula is H 2 O. So its molecular formuh* is (HaO)n; Frona the 
molecular weight, the value of n is found to be 1. Evidently ip^the 
case of water, its molecular foimula coincides with the empirical 
formula. 

Ethylene is a hydtocarb.m. In the compound, number of atoms 
of carbon : no. of atoms of hydrogen =1 r ? its empirical 
formula is CHg. 

Its molecular formula is (CHa)„. From the knowledge of 
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molecular weight of ethylene, n has been found to be equal to 2, 
So the molecular formula of ethylene is CbH 4 . 

Numerical problems on empirical and molecnlar formnlae : 


(1) A colourless crystalline compound has the fallowing 
percentage composition ; Sulphur 24-24%, nitrogen 21-21%, 
h>drogen 6 06% ; the rest in oxygen. Determine the empirical 
formula of the compound. Give the name of the compound if 
the molecular formula he the same as the empirical formula aud 
if it is found to be a sulphate. 


% of oxygen by difference^ 100- (24-24-1-21-21 -f6-06)=48*49 
Dividing the percentage composition by the at. wts. we have. 


Ratio of atoms, S : N : H : 0-= 


24 24 
32 


2V7_\ 


6-06 , 48-49 
1 • 16 


=0-757 : 1-515 : 6-06 s 3*03 
-15 2:8:4 (Dividing each by 
the lowest number 0*757) 


/• The empirical formula of the compound is SN^HrO*. As 
the empirical formula and molecular formula of the compound 
are same and the compound is a sulphate, the compound is 
(SO 4 ) or (NH 4 ), SO 4 . 

/. The name of the compound is ammonium sulphate. 

(2) The atomic weight of an clement is found to be 24. The 
oxide of the element contains 40“^ of oxygen. Find the empirical 
formula of the oxide. 

Let the element be represented by M. 

The oxide contains 40% of oxygen. 

So it contains (100—40) or 60^o of M, 

Ratio of atoms, M : 5 : 2*5=1 : 1 

The empirical formula of the oxide is MO. 

(3) An iron oxide mineral on analysis is found to contain 42 
iron. The mineral also contains 42% impurity. Find the empirical 
formula of the oxide present in the mineral. (Fer=56) 

% of impurity present in the mineral- 42 

The mineral contains (lOO— 42)-=58% of oxide. 


So, the iron oxide contains (58 — 42)= 1 of oxygen. 
/. Ratio of weights Fe : 0=42 : 16 

and „ „ atoms, Fe : : 1 or 3 : 4 

The empirical formula of the oxide is Fea 04 
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(4) A compound of carbon, hydrogen and chlorine contains 
C=lu*04^, H=0’84%, CJ=89*12%, Its vapour density was found 
to be 5973. What is the molecular formula of the compound 7 
Ratio of % weights, C : H : Cl=10 04 : 0*84 ; 8912 
Dividing the percentage composition by the at. wts, we have 


ratio of atoms, C : H 


12 


0 84 . 8 972 
1 ' 35-5 

=0 84 j 0 '4: 2’51 


= 1:1:3 (dividing each by 
the lowest number 0 84). 


/. The empirical formula of the compound is CHCJ3 and 
the molecular formula is (CHCla)n where n is a whole number. 

As per data given, the vapour density of the compound is 
59 75. 


/. Molecular weight of the compound=2 x 5975=119*50 i.e. 
(CHCJ3)„= 119*50. 

Mol. wt. _ 119*50 

^ Empirical foimula wt. 12-h 14-35-5 x 3 
•*. Molecular formula ^CHCla. 


(5) A compound of carbon, hydrogen and oxygen contains 
C=40%, H-=6'67%. When the compound is vaporised, its 

vapour density is found to be 2*813 times than that of oxygen. 
Find the empirical and molecular formuhe of the compound. 

% of oxygen by difference =100 ~(40-t-^*67)=53*33 
So ratio of weights C : H : 0=40 : 6*67 : 53 33 


and „ 


39 


atoms C : H : 


40 . 6'67 . 53 p 
U ‘ Y ’ 16 


=3 33 ; 6*67 : 3*33=1 5 2 : 1 (dividing 

by 3 33> 

Empirical formula=CHaO 
Vapour density of the gas=2*Ll3 X 16-=45 
Molecular weight=2x43=-90 
Let the nvdecular tormula={CHgO),, [n=a whole number] 
(CH2O)n-=90; n(’2+2-rl^>) -90 or /i=3 

Hence the molecular formula is CaH^jO-.- 

(6) A compound contains 41*38% carbon, 3*45% hydrogen 
and" the rest oxygen. Its molecular weight is 116. Calculate its 
molecular formula. 

0*25 gm. of the compound was burnt completely in carbon- 
dioxide-free dry air. The gaseous products formed were passed 
through two U-tubes containing fused calcium chloride and 
caustic soda icspectively. Find out the gain in weights of the 
two tubes. 
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C=41'38^, H=3’45% O=100-(41-38+3-45)=55-17% 

So the ratio of weights C t H : 0=41"38 : 3’45 : 55-17 

aad the ratio of atoms C : H : 0=^-}^ : 

=3-45 : 3*45 : 3-45 
== 1 : 1:1 

/. Empirical formula of the compouDd=CHO and the 
jnolecular forfflula=(CHO)n where whole number 

— moK wt ^ ^16 . 

”““Emp. formula wt. 12+1 + 16““ 

Hence, the molecular formula C4H4O4 

The compound on combustion gives carbon dioxide and water. 

C4H404+30b==4C04+2H80 
116 4x44 2x18 


When burnt in air, 

116 gms. of the compound give 176 gms. of carbon dioxide 

0*25 gm. „ „ „ gives ~ | or 0*3793 gm. of 

carbon dioxide 

Again, 116 gms of the compound produce 36 gms of water 

36mO‘2S ^ 

0-25 gm. „ „ „ produces - or 0-0776 gm. 

of water. 

Now, weights of both the tubes will be increased as the fused 
•calcium chloride absoibs water and carbon dioxide is absorbed by 
caustic soda. So the gain in wt. of the tube containing fused 
calcium chloride is 0'0776 gm. and that of the tube containing 
caustic soda is 0-3793 gm. 

(7) A metal M forms two oxides containing 27-6 and 30 percent 
•of oxygen respectively. The formula of the first oxide is M3O4. 
Find the atomic weight of Ai and the formula of the second oxide. 

In the first oxide, 0=27-6% .-. The metal 100 - 27 6 

=12 4",', 

In the second oxide, O=30“'o M= 100- 30=70% 

Let the atomic weight of M be a. So in the first oxide, 


M: O 


72-4 . 27-6 
a ’16 


4 


72 4xl6_3 
’•®' 0 X 27 6 4 


or 


_72 4x16x4 
27-6x3 


=56 (approx.) 


70 30 

in the second oxide, M : 0=2> : -jv or 2 : 3 

00 lo 


.'. The formula of the second oxide is M1O3. 
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Calcolation of the percentage composition of a componnd from 
its molecuiar formula . 

(8) The molecular formula of potassium dichromate is 
KgCrgOf. What is the percentage composition of the compound ? 

Tne molecular weight of the compound fiom the formula 
^2x 39 f2x 58+7x 16=^306. 

306 parts by wt. of the compDund contain 78 parts by wt. of 

potassium 

• ■ ^00 ,y ,1 ft M — 25 49 

parts by wt. of potassium 

% of potassium=-25 49 

306 parts by wt. of the compound contain 1 16 parts by wt. 

of chromium 

. H6X100_„,„, 

- . lOO t» 9) a It 99 99 99 "^37 91 

parts by wt. of chromium 

•. of chromium— 37‘91 

306 parts by wt. of the compound contain 112 parts by wt. 

of oitygen 

• inn ”2x100 , 

• • 19 99 ft 99 99 99 99 306" 

parts by wt. of oxygen 


99 »9 99 99 99 


% of oxygen=36'6. 

(9) Calculate the percentage of aluminium, sulphate radical and 
water in potash alum of the formula KgSOg, AI|(S0«)g.24H|0. 

In a molecule of potash alum, there are 2 atoms of aluminium, 
4 SOg-radicals and 24 molecules of water. The molecular weight of 
potash alum from its formula=(2x 39+32+4x16+2x27+3 
(32+4xl6)+24x(2+16)=948. 

948 parts by weight of potash alum contain 2x27 or 54 parts by 
wt. of aluminium, 4(32+4x16) or 384 parts by wt. of sulphate 
radical and 24 (2+16) or 432 parts by wt. of water. 

% of Almlnium=-^^l^=5'69 
% of Sulphate=^*^-g-- =40-51 


432x100 


=45-57 


% of water 



CHAPTER 5 

EQUIVALENT WEIGUT 

It follows from the law of reciprocal proportion that every 
element must have a definite weight in which or in integral multiples 
of which, it combines with other elements and consequently the 
proportions by weight in which the chemical combination between 
two elements takes place are known from the same law. In support 
of these, the results of analysis of some hyarogen- compounds are 
shown below. 

/ Compounds Analytical results 

f and formulae 

Methane, CH4 1 part by wt. of hydrogen combiner with 3 parts by 

wt. of carbon 

^Vatcr, MgO 1 ,, ,, „ ,, ,, ,, 8 parts by wt. 

of oxygen 

Hydrogen sulphide, HgS 1 part by ,, „ „ 16 parts by wt 

of sulphur 

Hydrogen chloride, HCl 1 „ „ 35*5 parts by 

wt. of chlorine 

Hydrogen bromide, HBr 1 „ „ „ „ „ 80 parts by wt. 

of bromine 

Sodium hydride, NaH 1 r, „ „ „ „ 23 parts by wt. 

of sodium 

Calcium hydride CaHa 1 „ „ „ „ „ 20 parts by wt. 

of calcium 

Ammonia, NH3 1 „ „ „ „ „ 4*67 parts by 

wt. of nitrog€n 

It is seen from the above analytical results that a definite quantity 
of each of the elements on the right hand side unites chemically with 
a definite weight of hydrogen (i.e 1 part by wL of hydrogen). It is 
further observed that these elements shall combine they combine 
at all) with each other in proportions of the weights shown or in 
simple multiples of them. 

This will be clearly understood if we note the ratio of the com- 
bining weights of the constituent elements in their binary 
compounds. 

Compound Ratio of wts. of constituent elements 

Carbon dioxide (COg) wt. of carbon : wt. of oxygen =3 : 8 

Carbon tetrachloride (CCI4) wt, of carbon : wt. of chlorinc=3 : 35*5 
Sodium chloride (NaCI) wt, of sodium : wt of chlorine— 23 : 35*5 
Calcium sulphide (CaS> wt. of calcium : wt. of sulphur=s^0 : 16 
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It is evident from these examples that the weights in which the 
elements carbon, oxygen, chlorine, sodium, calcium sulphur 
separarely combine with a fixed weight of hydrogen (I part) are 
also the weights in which two of the elements combine with each 
other. 


Similarly, results of careful analysis of suitable compounds will 
reveal that all elements are associated with definite numbers 


expressing the parts by weights 
another. These numbers repre- 
senting weights are called the 
equivalent weights or combining 
weights or chemical equivalents 
or simply equivalents of the 
elemeats. The idea of equivalent 
weights has been expressed in 
the fig. 1 (18). 

The concept of equivalent 
weight is not only applicable in 
chemical combinations but also 
in the displacement of one 
element from a compound by 
another. Thus, it follows from 
the above discussions that the 
elements always combine with 
or displace each other in the 
ratio of their equivalents. 


in which they combine with one 


1 ^) 



n2 

Fig. l(ht> 
Equivalent weightb 


The equivalent weight is a quantity to be determined experimen- 
tally. So for its numerical expression, it is necessaty to have a 
standard of reference. Oripii^ally, 1 part by weight of hydrogen 
was chosen as the standard by Dalton. (We have so far discussed 
equivalent weights in of hydiogen). But since many 

elements, particularly metals, aie incapable of forming stable 
compounds with hydrogen, the standaid of equivalent weights was 
changed to oxygeu. At present 8 parts by weight of oxygen has 
been accepted as the stmdard of lefererce. Oti the basis of the 
oxygen scale, the equivalent weights of hydrogen is I *00S and that 
of chlorine is 35-16. Similarly, minor changes in the values of 
equivalent weighi of other cltmcnts will be observed if calculated 
with rtf* 3 rence to oxygen instead of hydrogen. As some elements 
form well-defined and easily pniifiablc chiorides 35*46 parts by 
weight of chlorine is somelimes as ihc standard Practically, 
nowadays, equivalent weight is expressed in terms of 8 parts by 
weight of oxygen or its equivalent e.g 1 008 parts by weight of 
hydrogen or 35*4h parts by weight of chlorine. 


When an element forms more th^n one compound with another 
element (say oxygen), the equivalent weights will differ in these 
cases but the values will bear a simple integral ratio to one another. 
For example. 


9 
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The elements carbon (eq. wt. 3 ) and oxygen (eq. wt. 8) will 
combine to form two different compounds. 

In carbon dioxide (COg), wt of oxygen : wt of carbon»8 ; ^002 

In carbon monoxide (CO), wt of oxygen : wt of carbon 

=8 ; 6 004 

Again, sodium (eq. wt 22*99) will combine chemically with 
oxygen to produce two oxides. 

In sodium monoxide (NagO), wt of oxygen : wt of sodium == 

8 I 22*99 

In sodium peroxide (NsiO^), wt. of oxygen : wt. of sodium 

=8: 11*495 

Thus, the elements Cvtmbine with one another in the ratio of 
either their equivalent weights or simple multiples of them. This 
is the law of equivalent proportions and may be taken as another 
form of the law ot reciprocal proportions. It will be seen later 
that an element with a variable valency will have more thAn one 
equivalent weight. V 

Equivalent weight or Chemical equivalent : 

Defiaition : Tne equivalent weight or chemical equivalent of 
an element is the number of parts of it which can combine 
chemicilly with or can displace from a compound directly or 
indirectly, 8 000 pans ny weigat of oxygen (or l '0u8 parts weight 
of hydrogen or 35*46 parts by weight of chloiine;. 

r is to be borne in mind that the chemical equivalent of a given 
element is a ratio of the weight of the element to a defioue weight 
of a standard element. So it is a pure numoer and does not have any 
unit. 


Thus, 

Eq. wt.= 


^ of the element X I 08 

wi ui nyjrogejj combined or displaced 


or. 


^ mentx 8 

WL «>t oxygen c nnoined or di:»placeci 


die clement X 3^*46 

* wi of «.hloriiic combiiieu or dispiiwed 


lllustratifms : (a) On analysis of the compounds sodium 
hydride (NaH). hydrogen bromide (HBr) and hydrogen sulphide 
(H«S‘, we find ihai 1*008 parts by weight of hydrogen unite 
separately with 22 99 pots by we.ght of sodium, 79*916 parts by 
weight of bromine and 16 parts by weight of sulphur. So, the 
equivalent weig its of sodium, bromine and sulphur are 22*99, 
79 916 and I6 respectively. 

(b) In the f diowing equations, 

Zn-fHgS 04 ==ZDS 04 +H,; Mg+2HCl»MgCl,+H. 
b5 38 2x1 008 24 32 2x^008 
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We find that 65*38 parts by weight of zinc displace 2*016 parts 
by weight of hydrogen from the acid or 32*69 parts by weight of 
zinc displace 1*008 parts by weight of hydrogen. Similarly 12*16 
parts by weight of magnesium displace 1*008 parts by weight of 
hydrogen. Therefore, the equivalent weights of zinc and magnesium 
are 32*69 and 12*16 respectively. 

(c) In calcium oxide (CaO), 16 parts by weight of oxygen 
combine with 40*08 parts by weight of calcium or 8 parts by weight 
of oxygen are in combination with 20*04 parts by weight of calcium. 

20 04 is the equivalent weight of calcium. In carbon dioxide 
(COj), 32 parts by weight of oxygen combine with 12 parts by 
weight of carbon or 8 parts by weight of oxygen combine with 
3 parts by weight of carbon- Hence equivalent weight of carbon 
is 3. 

(d) In aluminium chloride (AJCI3X 3 x 35*46 parts by weight of 
cnlorine combine with 26*96 parts by weight of aluminium. So the 
equivalent weight of aluminium--8*99. 

Equivalent weight of a radical : We know that a radical 
behaves like an element. S the equivalent weight of a radical 
presents how nnny paits by weight of it can combine with 1*008 
parts by weight of h3drogea or the equivalent of any other element 
or a radical. 

It is seen that in nitric acid (HNO3), (14*008 ^48) or 62*008 
parts by weight of nitrate radical (NOg) are in combination with 
r00'< parts by weight of hydrogen. Equivalent weight of 
NO,- 62*008. In sodium carbonate (NdgCOj), 2\2 <j* 99 parts by 
weight of sodium combine with <12 01 f 48) or 60*01 parts by weight 
of the carbonate radical (CO3). Or, 22 99 parts by weight of 
s >diam (equivalent weight ol sodium) arc in combination with 
30*005 parts by weight of the carbonate radical. *. Equivalent 
weight of C03='3 'i 005. In ammonium nitrate (NH4NOai>, <>2*008 
parts by weight of the niirate radical (1 equivalent i>f NOa) are 
tnind to coa.oiue witn 18 ■i'4 p iris by weight of ammonium radical 
(NH4). Henre, the <.qui valent wt tiixi of -18*04. 

Equivalent weight of a compound: The voncep t of equivalent 
vveighi has been cxi ended abo 10 the Cv^mpounds. 

The equivaknt weight of a compou*>d is the number of parts by 
weight of the compound which is ubrsined by adding the equivalent 
weights of its c^-uMitbeui eleiaents or laduMls. Thus— 


Eq. wts of CO i.tituents 
PI— 1*008 ; SO4— 48 
Ag-107-88 : NO3— 62‘0C8 
AJ-8-99 ; Cl— 35*46 


Comp )und 
H8SO4 
AgNO, 

AlCl, 

Alternately, the equivalent weight of a compound represents how 
many parts by weight of it contain or react with 8'000 parts by 


Eq. wt. of comp. 
490C8 
169-888 
44-45 
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weight of active oxygen or r008 parts by weight of hydrogen or 
an equivalent of any substance. 

Detailed discussions on eq. wts of some compounds will be 
given in the next chapter. 

Gram-equivalent : The equivalent weight expressed in grams is 
known as the gram-equivalent. The gram-equivalents of oxygen* 
sodium, silver nitrate, sulphuric acid are 8 gms of oxygen, 22-99 
grams of sodium, 1 69*888 gms of silver nitrate and 49 008 gms of 
sulphuric acid respectively. 

A more elaborate definition of gram- equivalent is also given 
below : 

The gram-equivalent of a substance is that weight of it (in gms) 
which will combine with, displace or contains 1*008 gms of 
hydrogen (i.e. 11*2 litres of hydrogen measured at N. T P.) or 
8 gms of oxygen (1 e. 5*6 litres of oxygen at N. T. P.) or 35*46 gms 
of chlorine (i.e. 11*2 litres of chlorine at N. T. P.) or the known 
equivalent of any other substance. 

Determination of equivalent weights of elements : Different 
methods employed in determining the equivalent weights of both 
non-metallic and metallic elements are described below : 

VHl) Equivalent weights of non-metals : (A) Determination of 
equivalent weight of oxygen — Duma’s method : (by direct union with 
hydrogen or reduction of a metallic oxide). ^ 

Principle : A current of pure and dry hydrogen is passed 
through a weighed quantity of cupric oxide when hydrogen reduces 
the oxide to metallic copper and *tself combines with the oxygen of 
cupric oxide to form water. 

Cu04-He=Cu+H20 

The weights of hydrogen and oxygen involved in the combina- 
tion arc determined from tbe weight of water ptoduvcd and the loss 
In weight of cupric oxide- The parts by weight of oxygen 
combining with 1 (H'8 parl'^ by weight of hydrogen will reprcbont 
thec-iuivalent weight ol oxygen. 

Experimental procedure ; A small quantity of pure and dry 
black cupric oxide is taken in a ham glass combustion tube having 
a bulb in tbe middle. The bulb tube with its content (CuO) is 
accurately weighed One end of the bulb tube is cenmt cted With a 
pieviously weighed U-tube containing fused caJciuni chloride. To 
prevent the entry of w.*ter vapour into the U-tube frrmi outside, a 
guard tube fi* led with fused calcium chioride is attached with the 
open end of the U tube (not shown in the fig.). Then a stream of 
pure and dry hydrogen is passed thiough the other end of the 
combustion tube. Wnen the air from inside the whole apparatus 
is removed, the tube is strongly heated. At the high temperature, 
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hydrogen and cupric oxide interact to produce metallic copper and 
steam. The steam is driven away by hydrogen and is absorbed in 
the calcium chloride U-tube. When all the black cupric oxide is 
completely converted into red copper, heating is stopped and the 
whole apparatus is allowed to cool down to the room temperature 



Fig. 1(19) Determination of equivalent weight of oxygen 


in the current of hydrogen. Aftei cooling, the bulb tube and the 
0 dcium chloride U-tube are detached and separately weighed. The 
weight of oxygen that has combined with hydrogen to produce 
water is known from the loss in the weight of the combustion tube 
while the increase in the weight of calcium chloride U-tube gives the 
weight of water formed. 

Calculations : Let 


wt. of combustion tube-l-cupric oxide before expt.=W gms. 

^ Cu after „ - Wi „ 

wt. of oxygen =(W-Wi)gms. 

wt. of CaClg U— tube before expt.=W, gms. 

„ after „ -^Wagms. 


wt. of water produced -(W3— WJgms. 

wt of hydrogen taken part in combination 
- kW, - W*j - (W - Wi) gms=-x gms. (say) 

X gms of hydrogen combine with (W- Wj) gms of oxygen 

(W-Wilxl008 

1 008 gms ,, ,, " 


gms of oxygen 

c • , . , r (W-W,)xl008 

So, equivalent wt. of oxygen = ^ 

\/(b) Determination of equivalent weight of carbon : (By direct 
combiuation with oxygen). 

Principle : A weighed quantity of pure carbon is converted 
into carbon dioxide by heating it In a stream of pure and dry 
oxygen. Carbon dioxide produced is absorbed in strong caustic 
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potash solution and its weight is taken. The weight of oxygen that 
has combined with the known weight of carbon can be obtained 
from the weight of carbon dioxide produced. Thus, the equivalent 
weight is determined from the relation. 


Equivalent wt. of carbon - 


Wt. of carbon taken x 8 


”Wt. of oxygen combined 

Experimental procedure : The exact weight of a clean and 
perfectly dry porcelain boat is taken. A small quantity (about 1 gm> 
of pure charcoal (sugar charcoal) is placed into it and weighed 
again. The boat with charcoal is then introduced into a hard-glass 
tube nearly one half of which is packed with dry cupric oxide from 
an open end. The end of the tube nearer the boat is connected 
with an apparatus supplying pure and dry oxygen. A slow stream 
of the gas is passed for some time through the tube so as to 
displace the air from insiv^e by oxygen and the other end is attached 
to previously weighed potash bulbs containing strong caustic 
potash solution. A calcium chloride guard-tube together with a 
U-tube filled with soda lime is also attached to the free end of the 
potash bulbs to prevent the entry of atmospheric carbon dioxide 
or water vapour into the bulbs. 

The hard glass tube is then laid in a furnace in such a way that 
both of its ends remain outside the furnace. The layer of cupric 
oxide and the boat containing carbon are then strongly heated while 
a slow stream of oxygen is continually passed through the combus- 
tion tube. The charcoal at the high temperature is oxidised by 



Mg. 1(20) Determination of eiiuivalent weight of carbon 

oxygen to carbon dioxide ; any carbon monoxide which may simul- 
taneously be formed due to shortage of oxygen is converted into 
carbon dioxide by the heated cupric oxide. 

C+Oa=COg ; CO+CuO=COb |-Cu 
The carbon dioxide thus formed is swept away by the oxygen 
gas and is absorbed in the potash bulbs. 

When the charcoal is completely burnt away, heating is stopped ; 
but oxygen Is passed through the tube for some time to ensure that 
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all the carbon dioxide formed has been driven away and absorbed. 
When cooled to room temperature, the potash bulbs are re-weighed 
carefully. 

Calcolation : Let 

wl, of the empty boat-- W gms. 

wt. of boat 4* charcoal before expt=Wi 

/, wt of carbon taken=(Wi— W) gras, 

wt. of the potash bulbs before expl.—Wg gras. 

,» >. f> •> after „ gins. 

Wt. of carbon dioxide produced (W 3 -Wg)gms. 
and wt of oxygen =wt. of carbon dioxide- wt. of caibon 

-{(W 3 -Wg)-(Wx-W)} gms. 

{(Wa-Wg)-(Wi — Wj) gms. of oxygen combine with 
(W, - W) gms. of carbon. 

r w — W) X 8 

8 gras, of o’^ygen combine with 

carbon 


Lqui valent wt. of carbon 


(Wi-W)x8 

'(W3~W,)-(W;-W) 


This method is generally employed in ca^cs of elements (like sulphur, phos- 
phorus) which form volatile gaseous oxid^. 


(2) Determination of equivalent weights of metals 

(a) Hydrogen-displacement method : The method is applicable 
to metals like zinc, iron, magnesium etc. which react with dilute 
mineral acids easily at room temperature with the evolution of 
hydrogen. A certain ’''lown weight of the metal is allowed to 
dissolve in excess of dilute acid and the weight of liberated hydrogen 
is found out from its volume. Then the equivalent weight of the 
given metal can be determined fr^m the relauon. 


Equivalent wt. of metai= 


Wt. of the metal x 1 ('08 
Wt. of hydrogen displaced 


It is to be remembered that the wt of hydrogen cannot be obtained directly. 
The wl. of hydrogen in gms, is calculated as follows. 

Firstly, the volume of hydrogen displaced is measured in ml. and reduced to 
N. T. P.* Secondly the vol at N. T. " mu1tif>li^d by 0-( 0008*1 (the wt of 1 ml. 
of hydrogen at N.T‘.P. is 0 0000b9 gms. acu'iding to Avogadro’s hypothesis) 

So the wt. of Ha in gm.-« Vol. in ml of Hj at N.T.P, x0'000089 


^/flqoivalcnt weight of zinc : 

Procedure : An accurately weighed quantity of zinc (about 
0 08 gm.) is taken in a watch glass which is then placed at the 
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bottom of a beaker. Zinc in the watch glass is covered with an 
Inverted funnel. Water is poured till the ste^ of the funnel remains 

completely immersed under water. A 
graduated tube closed at one end is filled 
completely with water and inverted 
carefully over the stem of the funnel so 
that the whole stem remains inside the 
tube. The tube is then clamped with a 
stand. 

A small amount of cone, sulphuric 
acid is poured in^o the beaker. A few 
drops of copper sulphate solution are 
also added to water which is then stirred 
with a glass rod. Now, the acid in 
dilute condition comes in contact with 
zinc and the reaction starts at once with 
quick evolution of hydrogen gas which 
collects inside the graduated tube by 
displacement of water. When the zinc 
completely dissolves (if necessary more 
acid is added) and evolution of hydrogen 
Pfe- 1^21) ceases, the tube is carefully taken out 

Determination of equivalent by closing the open end with the thumb 

weight of zinc placed in a tall jar full of water. 

The surface of water inside and 
outside the tube is then brought 
to the same level* by dipping or 
raising it in the water of the jar. 

During this operation, the tube is 
held with a piece of paper and 
not with the lingers. 

Now the volume of hydrogen 
is noted carefully, so also the 
temperature of water and the 
atmospheric pressure. 

Calcnlation : Let 

Wt. of zinc used=w gms. 

Vol. of hydrogen collected ==V c.c. 

Temp, of the room during cxpt=t®c. 

Atmospheric pressure^? m.m. 

Tension of aquous vapour at rc=f. m.m. 

Actual pressure of dry hydrogen =-{P - f) m.m. 

* Under this condition, the pressure of hydrogen gas becomes equal to the 
atmospheric pressure at the temperature of the laboratory. 



rig. 1 ( 22 ) 
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(Since hydrogen is collected over water, it Is moist and the 
atmospheric pre8sure=pressure of hydrogen + tension of water 
vapour at t“c) 

Let the volume of hydrogen (Vml.) at t®c and (P-f) pressure 
occupies Vo ml. at N. T. P. Applying the Boyle's and Charles* 
laws, we get. 


(P-f)xV_V,x760 (P-f)xVx273 

t+273 273 (t+2?3)/760 


Wt. of 1 ml. of hydrogen at N. T. P. (according to Avogadro*s 
!iypothesis)=0‘000089 gm. 

wt. of Vo ml. of hydrogen= Vo X 0*000089 gm. 

— Wt. of hydrogen displaced by w gms. of zinc. 


Equivalent wt. of zinc=, 


wx 1-008 
oX 0-000089 

wxl0‘8x(t+273)x760 


7 n _ ^ 


(P-f)X Vx273x00000S9 


V N B Ci) The above calculation requires the application of the gas equation 
derived from Bo>le*s and Charles* laws and also Dalton’s law of partial pressure. 
'1 hese laws have been discussed in the chapter 8. 

(it) In the above expt. a few drops of copper sulphate solution are added as the 
pure 7inc does nut react with dil. acid appreciably. Since zinc occupies a higher 
position than copper in the electro-chemical series (vide chapter 7). a very small 
amount of zinc is lost in displacing copper from copper sulphate solution. 

Zn \ C!u++-^Zn+'^ -j Cu, 

But this loss is however so small that it can be neglected, (iii) To determine 
the equivalent wt. of alumiuium, dil. hydrochloric acid is used instead of dil. 
sulphuric acid. It is not necessary to add copper sulphate solution in this case, 
(iv) la this method, a small amount of the metal roust be used so that the 
hydrogen evolved is conveniently collected in the graduated tube. The wt. of zinc 
taken in this expt. must not excx* d 0 J gm. and in case ol magnesium* its wt. should 
be less than 0*05 gm. (iv) The gas tneasurmg tube must be held with the help of 
a strip of paper and not with the fingers as the warmth of the hand will expand the 
vol. of the gis. 

V 

(B) Oxide-formation method : A weighed quantity of the metal 
is either directly or indirectly converted into its oxide. The weight 
of the combined oxygen can be found out 
from the weight of the oxide produced. 

The parts by weight of the metal combining 
with 8-000 parts by weight of oxygen will 
give the equivalent wt. of the meta* 

Eqaivalent weight of magoesiom (by direct 
''formation of oxide) ; The constant weight 
of a clean and dry protelain crucible with its 
lid is taken. A piece of well cleaned magne- 
sium ribbon is introduced in the crucible 
which is weighed again. The crucible with 
the metal and the lid is placed on a tripod- Fis. 1(23) 
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Stand with the help of a clay-pipe triangle [fig. 1(23)] and is heated 
slowly. While heating, the lid is put slightly on one side so that 
air may come in contact with magnesium and magnesium oxide 
formed does not escape into the atmosphere. When the metal is 
burnt completely to its oxide, the crucible is cooled in a desiccator 
and weighed again. The process of heating, cooling and weighing 
is repeated till the two successive weights are found to be the same. 

2Mg+0«=2Mg0. 


Calculation : Let 


wt. of the empty crucible with lid=-W gms. 
wt, of the crucible with lid-f magnesium -Wi gms. 
Wt. of magnesium takene»{Wi - W) gms. 


Again, 

Wt. of the crucible with lid +- magnesium oxide=.W 2 gms. 
wt. of oxygen combined=(We-Wi) gms. 

(Wg-Wilgms. of oxygen combine with (Wj-W) gms. of 

magnesium 


8 


(W,-W)x8 

•’ *’ (W,-Wx) ® 


of magnesium 


£q. wt. of magnesium 


(Wi~W)x8 
' (Wb -Wi) 


In the above process, a portion of magnesium oxide may escape into the air 
during heatirg and the heated magnesium may form a little nitride (MgsNi) in 
addition to its oxide (MgO). Thus, the method is not an accurate one and is not 
used i^ractice. 

c/Jl^oivalent weight of copper (by indirect formation of oxide) : 

Principle : A weighed quantity of copper is dissolved in 
concentrated nitric acid and the resulting solution is slowly 
evaporated to dryness. The solid nitrate thus formed is strongly 
heated till it is completely converted into cupric oxide. 


Cu+4HN0a=Cu(N03),+2N02 f2HBO 
2Cu(N03)2=2Cu0+ 4NO2 + Ob 


The difference between the weight of cupric oxide formed and 
that of copper taken gives the weight of oxygen which has combined 
with the metal. Therefore, according to the definition 

Wt. of copper ta k en x 8‘( 0 

Wt. of oxygen combined 


equivalent weight of copper= 


Procedure : A clean and dry porcelain crucible with its lid is 
accurately weighed. A few pieces of pure copper foil are put into 
the crucible which is weighed again with its lid. Now, concentrated 
nitric acid is added drop by drop to the copper foil till the metal is 
fully dissolved. Copper reacts vigorously with nitric acid forming 
copper nitrate solution and evolving brown fumes. During the 
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reaction, the crucible is nearly kept covered. The solution is then 
carefully evaporated to dryness on the waterbath so that there is 
no loss of solution by spirting. The green residue left after evapora- 
tion is copper nitrate. The crucible is then placed on a clay-pipe 
triangle and heated strongly when copper nitrate is completely 
converted into black cupric oxide. While heatingi the lid is slightly 
put on one side in order that the evolved gases might escape. The 
reaction is complete when the evolution of brown fumes has 
ceased. Then the crucible with its lid and copper oxide is cooled 
in a desiccator and weighed again. The process of heating, cooling 
and weighing is repeated till the weight of the crucible is constant. 

Calculations : Let 


wt. of the crucible with its hd-=W gms. 

wt. of the crucible with its lid+copper- gms. 

Wt. of copper taken = (W, —W) gms. 

Wt. of the crucible with lid and cupric oxide=W 2 gms. 

Wt. of combined oxygen=(Wa~W)--(Wi-W) gms. 

-(Wb-Wi) gras. 

•’. (W« - Wi) gms of oxygen combine with (Wi- W) gms of 

copper 


Equivalent weight of copper=- 


(W, 


(W,-W)x8 
" (W,-Wi) 

-W)x8 


(We-Wi) 


(C) Method based on reductiou of an oxide (Replacing oxygen 
from an oxide) : This method is applicable for determining the 
equivelent weight of metals like copper, lead, iron etc. 


A weighed quantity of a metallic oxide is reduced to the metal 
by heating in a current of hydrogen. 


CuO+H 2 =Cu+Hj.O ; PbOH- HgO. By calculating the 

weight of combined oxygen form «he difference between the weight 
of the oxide taken and the weight of the metal obtained after reduc- 
tion, the equivalent weight of the metal can be determined as before. 

Equivalent weight of copper : The weight of a clean and dry 
porcelain boat is taken. A small quantitv of dry cupric oxide is 
put into the boat which is weighed again. Hie boat with its content 
(CuO) is then placed in a combustico tube end heated strongly in a 
current of hydrogen. At the high temperature, hydrogen reduces 
the oxide to red metallic copper. 

After the completion of the reaction, the tube is allowed to cool 
while the How of hydrogen is continued for some time. When 
cooled to the room temperature, the boat containing the metallic 
copper is taken out and weighed. 
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CalcnlatioD : Let 

wt. of empty procelaia boat=W gms. 

wt. of porcelain boat+cupric oxide=Wi gms 

wt. of cupric oxide=(Wi— W) gms. 

wt. of porcelain boat+copper (after expt)=W| gms. 

Wt. of copper ^(Wb - W) gms. 

Therefore, wt. of combined oxygcn=(Wi- W)-(Wb~W) 

=(Wi- W,) gms. 

(Wi- W b) gms. of oxygen combine with (Wb- W) gms of 

Eq. wt. of copper 


(Wb-W)x8 

' Wi-w,r ” 

( Wb~W,)x8 


(D) Chloride formation method : fcombinlng with chlorine 
indirectly or replacing chlorine from a chloride) : 

(a) Equivalent weight of silver : A weighed piece of clean and 
pure silver is taken in a beaker and is dissolved completely in dilute 
nitric acid taking care to see that the solution is slightly acidic. The 
solution of silver nitrate thus produced is slightly heated and chemi- 
cally pure dilute hydrochloric acid is added to it drop by drop until 
all the silver is precipitated as curdy white silver chloride. 

Ag+2HN08=-AgN03+H,0+N0« 

AgN 03 +HCl=AgCl I +HNO 3 


The precipitate is allowed to settle and is filtered carefully through 
a tared filter paper. The precipitated silver chloride is washed first 
with dilute nitric acid and finally with water. The filter paper with 
the precipitate is then dried in an air oven at 130'’C, On cooling, 
it is weighed. The processes of heating, cooling and weighing are 
repeated till the final weight is constant. 


Calculation ; Let 


wt. of silver -=W gms. 

wt. of silver chloride=Wi gms. 

Wt of chlorine combined=(Wi - W) gms. 

(Wi-W) gms. of chlorine combine with W gms. of silver 

»9 9 W X 35 46 » 

35 4o gms of 


Eq. wt. of silver 


Wx 35-46 
W,-W 


silver 
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Alternatively, 

Let the equivalent weight of silver be jc 

Then, equivalent weight of silver chloride=jc-f- 35*46 

*.' 1 gm.-equivalent of silver produces 1 gm.-equivalent of 

silver chloride 

Wt. of silver taken wt. of silver 

>Vt. of wlver chloride produced””Eq.~wTrof~si7v«' chloiide 


W _ JC 
W, ' jcf35 46 

The value of jc is then found out. 

N. B. The equivalent weight of chlorine can be determined by this process if the 
eq. wt. of silver is known. 

(b) Equivalent weight of sodium : A weighed quantity of dry 
and pure sodium chloride is taken in a clean beaker and is diNsolved 
completely in distilled water. The solution is made slightly acidic 
by adding dilute nitric acid and a dilute solution of silver nitrate is 
then added slowly to it in a little excess with constant stilling with 
a glass rod. A curdy white precipitate of silver chloride is formed. 

NaCI+AgNOa- AgCl i +NaNOv 
When further addition of silver nitrate solution foi ms no more 
precipitate^ the content of the beakci is slightly heated and filtered 
thiough a pieviously weighed filter paper. The precipitated silver 
chloride on the filter paper is repeatedly washed with cold water. 
It is then dried in an air-oven at 13o C. On cooJmg, the filter paper 
with the precipitate is weighed. The processes of hte ring, cooling 
and weighing are repeated till a constant weight is obtajiieJ. 


Calculation : Let the wt. of sodium chloride- W grab. 

Wt. of of silver chloride produced = Wj gm,. 

(107*88 t-35 46) or 14J*34 ^^ms of siher chloride contain 35*46 gms 
of chlorine 

Wj gms of silver chloride coii..un ^''143 


of chlorine 

The same amount of chlorine is piesent in W gms. of sodium 
chloride 

.*. Wt. of sodium in W gms of sodium chloride- /'W - gms. 
Wg gms of chlorine combine v" * (W- Wg) gms of sodium 

iW-\V,iv3v46 

W2 

gms of sodium 


35*46 


„ . , . 5 1.. r (W-Wg)x''5 46 

Equivalent weight of sodium— ‘ “ Wg * 
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The alternative method of calculation : Let the equivalent weight 
of sodium be E. Then, 

Wt of sodium chloride taken (Wiiaci) E+ 35*46 

Wt. of silver chloride produced (WAgci) 107*88+35*46 

or, E=(l43*43x^^)- 35*46 

The equivalent weight of potassium can also be determined by 
application of the above method. 

It IS difficult to get sodium or potassium in the pure and dry state. These metals 
burn spontaneously in wet air. So, then equivalent weights are determined by the 
indirect method stated above. This method is also applicable in determining the 
equivalent weight of calcium. 


(E) Method based apon replacement of a metal by another 
metal : It is an established fact that a more electropositive metal 
displaces a less electropositive metal from its aqueous salt solution. 

Za+CuS04=ZnS04+Cu | ; Fe-f CuS04~FeS04+Cu i 

Zn+2AgNOa=Zn(NO.>a+2Ag I ; Cu+2AgN03=Cu(N03)a 

+2Ag I 

It is further known that this type of displacement occurs in 
equivalent amounts. Let x stand for the weight of the displacing 
metal (A) and y for that of the metal displaced (Bj, then 


JC c ^ 

(where and E/, are the equivalent weights of the metals 

y 

A and B respectively). 

Therefore, if the equivalent weight of any one of the two metah 
is known, the equivalent weight of the other can easily be 
calculated. 


Equivalent weight of zinc (By metal-displacement method) : A 
weighed quantity of pure zinc fail is added to an excess of aqueouii 
copper sulphate solution taken in a beaker. Zinc gradually goes 
inti) the solution and red, heavy copper powder deposits af the 
bottom of the beaker. The reaction is complete on slight warming 
When the zinc foil completely dissolves, the solution is filtered 
carefully through a previously weighed filter paper. The copper 
po 'jvder collected on the filter paper is washed thoroughly with hot 
water until the washing is no longer blue in coloui. Copper 
powder is next washed twice or thrice with alcohol. The filter 
paper with its content (i.e copper) is then dried in an air-oven, 
cooled in a desiccator and weighed. The processes of herting, 
cooling and weighing are repeated till there is no difference between 
the two subsequent weights. 

Calculation : Let 

wt of zinc taken =W gms 

wt of copper+ filter papers Wi gms 

wt of filter papers: Wt gms 
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/. wt of copper dcpositcd=(Wi-Wf) gms. Now taking the 
equivalent weight of copper as 31*78. 

(Wi— Wj) gms of copper arc displaced by W gms of zinc 


31*78 


Eq. wt. of zinc 


Wx31 78 


WX31-78 

IWj-Ws) 


gms of zinc 


It IS to be noted that if the equivalent weight of zinc is known* cq. wt. of copper 
can be found out by the above method. 


Electrolytic method for determining the equivalent weight has 
been described in Part 11 of this book. 


The relation between equivalent weight and atomic weight : The 
following simple relationship exists between the equivalent weight 
and the atomic weight of an element. 

Let the atomic wt of an element=A, 

the equivalent wt of the element^ H 

and the valency of the element--- V 

Then, by definition of valency* 

V atoms of hydrogen combine with 1 atom of the element. 

VxI OOb parts by wt. of hydrogen combine with A parts 
by wt. of the element. 

1*008 parts by wt. of hydrogen combine with y parts by wt 
of the element. 

Hence, according to definirioni 

equivalent weight of the wiement, E— y or A=ExV. 

,*. Atomic weight=equivalent weight x valency 

This relation indicate'i that tbea omic weight of an clement is 
the same as iis equivalent weight when the valency of the given 
element is 1. T.ius, the atomic weights of the monovalent elements 
like sodium, p )tassium, silver, chlorine, bromine etc. coincide 
respectively wiih their equivalent weights. The atomic weight of 
a bival nt element (like magnesium, calcirm etc) is twii.c its 
equivalent weight and <itomic weig^t of a tri-valcnt clement like 
aluminium equals to its equivalent multiplied by 3. 

Since the valency is always a small whole number, the atomic 
weight of an element is a simple multiple of its equivalent weight. 

It has already been mentioned that equivalent weight of an 
element is not always constant and an element may have more than 
one equivalent weight. We know that 
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Equivalent weight—— and the atomic weight is fixed 
according to Dalton. 

EocLor the equivalent weight of an element is inversely 

proportional to its valency. This led to the conclusion that the 
element having more than one valency will have different equivalent 
weights. Some illustrations are given below. 

The valency of copper in cuprous oxide (CuaO) is 1 and that of 
copper in cupric oxide (CuO) is 2. The atomic weight of copper 
is 63 57. 

63*57 

.*. The equivalent weight of copper (ous)~ -—=63*57 

and (ic)=®-^-=31-78 

Similarly, the valencies of iron in ferrous chloride (FeCk) and in 
ferric chloride (FeCla) are 2 and 3 respectively. The atomic weight 
of iron is 55 85. 

55*85 

So, equivalent weight of iron (ous) - ^ ^27‘92:> 

and .. „ (ic)- -^3^^-18 616. 

It may be said that “the equivalent w*eight of an element depend<i 
on the reaction it undergoes^. This statement can be explained 
with reference to ihe following pan of leactions. 

(i) Fc |-2HCl=FeCJ8n-HB 
(it) 2Fe+3C!8-2FeC]^. 

From the quantitative aspects of the above equations. U is stc/i 
that in the reaction (i), 55*S5 parts by weight of ipm lilirrate 
2*016 parts by weighr of hydrogen fioni hydrochloric acid or 
combine with '0 92 parts hy weight of chloimc to foim iernms 
chloride. So according to the definition, liie tquivaS‘-at wciglit of 

iron (ous)- "^^^“^=27 925. 

Similarly, it can be shown from the rejvtion (ii) that " ,, 

or 18 616paTt< by weight of iron combine with 35 4(i parts by 
weight ot chlorine giving rise to ferric chloiide. 

Equivalent weight of iron fic) is 18*616. 

Determination of atomic weights : The atomic weights are 
usually determined by three chief methods given below. 

(A) Cannizzaro’s method—with the help of Avogadro's 
hypothesis. 
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(B) By the application of Dulong and Petifs law. 

(C) By the application of Mit$cherlich*8 law of isomorphism. 

(A) Cannizzaro’s method : This method of determining the atomic 
weight of an element which can form a large number of stable 
gaseous or volatile compounds has already been described earlier. 

(B) The method based on DnlQg and Petit’s law : The product 
of the atomic weight and the specific heat of an element is called 
the atomic heat. Dulong and Petit after having performed a large 
number of experiments proved that the atomic heat of the solid 
elemeots are nearly the same and approximately equal to 6*4 at 
ordinary temperatare. This is known as Dulong and Petit’s law. 

In other words, the law states that for any solid element, the 
product of the atomic weight and the specific beat is nearly constant 
and numerically equal to 6*4 (approx) at the ordinary temperature. 

Atomic weight X specific heat —Atomic heat=6’4 (approx.) 

It is evident that the relation is only approximate and thus an 
approximate value of the atomic weight of an element can be found 
out if Its specific heat is known. 

Limitations: (i) This method of estimation of approximate 
atomic weights applies to solid elements only and is obviously 
inapplicable to liquid or gaseous elements 

(ii) For certain solid elements like carbon, boron, silicon, 
beryhum, the atomic he^t is considerably less than the expected 
values at the ordinary temperature Therefoie, Dulong and Petit’s 
law does not hold true in the cases of these solid elements. In spite 
of these limitations, this method is frequently used as the approximate 
atomic weights determined can be converted into the exact values 
with the aid of the follow'ng relationship : 


Atomic wt -Valency V Equivalent wt We shall discuss the 
detailed calculation picsently. 

(B) B) the application of Mitsvherlieh’s law of isomorphum : 


Tsomorphuus coiupminds and Iso uorpbism 
having Iht Mine c!>-tilline structuic ind 
compisiiion a c said to he 
isomorph >HS with inother 

and the pht nomenon of iv rur- 
rence of difle cal 
substances ir ^he same crvstaline 
form is termed as isomorphism. 

However, the reverse i^ not 
necessarily true as the substances 
possessing similar crystalline 
structure may not be isomor- 
phous in all cases. 


( i^enucal compounds 
cxhihning simdanly m 



Fig. 124 Isomorphous orystala 


10 
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lo addition to the identify of crystalline structure, the compounds 
to be isomorphous must satisfy the following conditions. 

(i) Possession of ana/ofrous formulae : Two isomorphous 
compounds should h ive similai fornitiiae consisting of the same 
number of atoms united in the same way. 

(ii) Formation oj mixed crystals ; A solution containing two 
or more isomorphous substances on cooling separates out 
homogeneous crystals which contain all the substances, in varying 
proportions depending on the composition of the solution. Such 
crystals are known as mixed crystals or solid solutions. 

(iii) Formation of overgrowth : When a crystal of a substance 
Is kept suspended in a saturated solutioi, oi its isomorph, the 
suspended crystal begins to grow in s zs due to deposifon of the 
latter on its surface. This phenomenon is relet red to as foimation 
of overgrowth. 

A few common groups of isomorphous conripounds arc given 
below. The key elements (the elements which are diflerent) iu each 
group have been underlined : 

(1) Zinc sulphate (ZnS04 7HgO), magnesium sulphate (MgSO* 
THgO) and ferrous sulphate (F^Oi 7II?0). 

(2) Copper sulphide (CugS) and silver sulphide (AgeS) 

(3) Potassium sulphate (I^S04) and potassium chromate 

(KBCf04) 

(4) Potassium permanganate (KMn04) and potassium per 
chlorate (KCIQ4) 

(5) Potash alum [KeS04 , AIb(S 04)8 . 24HbO] and chrome alum 
[K2SO4, Crf(S04)3. 24H,0] 

Since zinc sulphate, magnesium sulphate and feirous sulphate 
arc isomorphous substances, they exhibit identity of crystalline forms. 
When a solution containing zme sulphate and magnesium sulphate 
(or ferrous sulphate) is allowed to crystallise, homogeneous crystals 
known as mixed crystals which contain both the sulphates of 
magnesium and zinc (or of iron) will separate out. Further, if a 
crystal of zinc sulphate be placed in a saturated solution of 
magnesium sulnhatc (or of ferrous sulphate), magnesium sulphate 
(or terrous sulphate) continues to deposit on the crystal of zinc 
sulphate. 

From the formulae of the above substances* it becomes evident 
that each of the molecules * f tw«> iscimorphous compounds contains 
equal number of atoms united in the same manner. Moce clearly, 
the same number of similarly airanged atoms of the kev elements 
and the remaining identical elements constitute the molecules of 
the isomorphous substances. Thus, the only difference in the mole- 
cules of isomorphous sulphates of zinc, magnesium and iron is that 
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in place of zinc in the first one» we have magnesium in the second 
and iron in the third. 

It has now been realised that the phenomenon of isomorphism 
depends more on the snnilaiity in t^e geometrical forms of the 
crystals rather than the ^imlJarity in chemical properties. 


Law of isomorphism and determloation of atomic weight : 

From the examination of a large number of isomorpbous 
compounds, Mitscherlich formulated a law which states. 

The equal number of atoms united in the same fashion produce 
the isoraorphous crystals. Tats is known as Mitschertich^s law of 
isomorphism. This Jaw leads to the concept that crystalline form 
of a substance depends essentially upon the number of constituent 
atoms and the way in which they arc combined and is independent 
of Its chemical nature, in other words, the law of isomorphism may 
be stated as — the isomorphous compounds i e. the compounds 
having similar crystalline forms and usually similar chemical 
characteristics can be lepiesented by similar formulae which contain 
the same number of atom^ (chemically similar or dissimilar) united 
in the same manner. A critical study reveals that in isomorphous 
compounds two analogous elements (chemically similar) replace 
each other, atom for atom, without disturbing the crystalline 
structures. Moie over, the-weights of two elements replacing each 
other are in the ratio of their atomic weights. These facts are 
utilised in the determination of the atomic weight of either of the 
two replacing elements. 

Let A and B be two analogous elements present In a pair of 
isomorphous compounds and let a and b be the atomic weights of 
A and B respectively. Let us further suppose that WigmsofA 
in one compound replace W2 gms of B from the other compound. 

Then, 

V’ 

the number of atoms of A= , and ‘v 

u. 


W 

the number of atoms B'= 

We know that one atom of A will replace one atom of B. 

Number of atoms of replacing clement (A)~Number of 
at of element replaced (B). 


r W, W'« 
Therefore, — — tt 
a b 


W, a 

Wg'b 


That is to say, 

wt. of t he c lement Anatomic weight of A 
^trbf the element B atomic weight of B 
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So, if the weights of the two interchangeable elements are 
determined accurately and the atomic weight of one of the two 
elements is known, we can easily calculate the atomie weight of the 
other element from the above relationship. 

It follows directly from the law of isomorphism that in a group 
of two isomorphous compounds, elements substituting each other 
should have the same valency. So if the valency of one element is 
known* the valency of the other is automatically decided. For 
example, zinc oxide is isomorphous with berylium oxide. The 
formula of zinc oxide is ZnO and the valency of zinc is 2. There- 
fore, according to the law of isomorphism, the valency of berylium 
must be 2 and berylium oxide must have the formula BeO. The 
application of the knowledge of valency in determining the exact 
atomic weight of an element will be discussed later. 

N. B. (a) A crystal of sodium chloride and that of a diamond have identical 
geometrical forms but these substances are not isomorphous because they fail to 
satisfy the other conditions of isomorphism. 

(A) Many cases are known where substances with similar formulae and chemical 
properties are not isomorphous e.g. sodium nitrate (NaNOa) and potassium 
nitrate (KNO«). In certain cases, isomorphism is found aroongsi chemically similar 
substancet having dissimilar formulae difleriog in the number of atoms in the 
molecules, hor example, AgaS is isomorphous with PbS ; KsSO« and (NH 4 )bS 04 
are isomorphous substances. 

(c) Compounds having the same number of atoms of entirely dilTerent chemical 
character are sometimes found to be isomorphous. Thus, NiiNOa and CaCOt ; 
KMn04 and BaS04 arc two pairs of isomorphous compounds. 

Determination of exact atomic weights ; We know that the 
product of the equivalent weight and the valency of an element is 
numerically equal to its atomic weight, t.e., 

Atomic weight = Equivalent weight xValenry. The exact atomic 
weight of an element is found out trom the above relvitioDbiiip and 
the Steps to be followed in the method are given below ; 

Step — 1. The accurate equivalent weight of the element under 
consideration is determined by a chemical meth<;d. 

Step — 11. There is no reliable method by wldch valency of the 
element could be derived with accuiacy, it is obtained indirectly 
from trie relation — 

__ , Atomic weight 

The approximate value the atomic weight deUrmined by the 
method based on Dulong and Petit's Jaw or by any other suitable 
method is then divided by the equivalent weight. The valency thus 
obtained is changed to the neatest whole number (since valency of 
an element can never be a fraction). 

Step— III. Finally, the equivalent weight is multiplied by the 
valency in order to gejt the exact atomic weight. 
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Nomerical problems 

On the equivalent weight : 

.(1) 1*B gms. of magnesium were completely converted Into its 
oxide and the weight of the oxide formed was 3*008 gms. What is 
the equivalent weight of magnesium ? 

Wt. of magnesium oxide=3’008 gms. 

Wt. of magnesium =18 gms 

Wt. of combined oxygen=(3*008=l*8) or 1*208 gms. 

Now, ]'208 gms. of oxygen combine with 1*8 gms. of magnesium 
. o I'8X8 

• * ® »» »» t9 »• 9) 1 208~ ** 


1*8 X 8 

So, the equivalent weight of magnesium= = 11*92 

IaUo 


(2) 0*981 gm of a metal may be converted to 2*046 gms of its 
chloride. Calculate the equivalent weight of the metal* (C1=3S*5) 
Weight of the chloride=2 046 gms 
” metal=0*98l gm. 

” combined chlorine=2 046 - 0*98 1 = 1 065 gms 
r065 gms of chlorine combine with 0*981 gm of the metal 

35-5 ” ” ” ” ’• gms of the metal 


0*081 v 

.*. Equivalent weight of the metal== — — =32*7 


(3) A current of pure and dry hydrogen was passed over 
0*8567 gm of heated pure black oxide of copper till the reaction was 
complete. On passing the gaseous product formed through a 
previously weighed tube ^’^ntaining fused calcium chloride, the gain 
in weight of the tube was 0*1<)41 gm. What is the equivalent weight 
of copper? [At. wt. of hydrogcn=l] 


Hydrogen reduces the heated .'opper oxide to metallic copper 
and is itself oxidised to steam which on the other hand is absorbed 
in the CaC^-tube. 

The gain in weight of calcium chloride-tube 
=The weight of steam (or water) fofm^d=0'194l gm 
18 gms of water contain 16 gms of oxygen 

.i.iodi V 16 

0*1941 gm „ „ contains jg or 0*1725 gm of 

oxygen 

.*. Wl. of oxygen present in the given quantity of copper oxide 

=0 1725gm 

.*. Wt. of coppcr=(0-8567 - 0-1725)==0*6842 gm 
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Now, 0"1725 gm of oxygen is combined with 0 6842 gm of copper 

^ 0*684>v8 . 

/. 8 gms „ „ are „ ' q i " 725 ~ copper 

Equivalent weight of copper= ~3 1 *73 

(4) (a) The volume of dry hydrogen obtained at N T.P. by 
dissolving 0'i09gm of a metal in dil. acid was found.to c mbine 
completely with 37*5 c,c of oxygen. Determine the equivalent 
weight of the metal. 

(b) On dissolving 2*0 gms of a metal in sulphuric acid, 4*51 gms 
of the metal sulphate was formed. What is the equivalent weight 
of the metal ? 

(a) 2H., -f - 2 HbO 

2 vob 1 vol 

Hence, the volume of hydrogen required to combine with 
oxygen=37*5x 2=75 c.c.= volume of hydrogen evolved at N.T.P. 

Again, weight of the same volume of hydrogen =75x0 00009 gm 

=0-00675 gm 

0*00675 gm of hydrogen is displaced by < '109 gm of metal 

tAAi, 0-109x1 008* 

• • l*00o gms ,, ,, are ,, „ 0*C0o75 

gms of the metal 

« . . r , 0-109 X 1*008 

Equivalent weight of tnc metal= ' j — =16*27 

(b) Equivalent weight of the sulphate radical^ =-48 

Now, (4-51— 2) or 2*51 gms of sulphate radical combines with 
2 gms of the metal 

48 gms of sulphate radical combine with ^ 2 ^]^ gtns of the 

metal. 

2 < 4K 

Eq wt. of the metal - “ =3v247 

(5) The solution obtained by dissolving 1*201 gms of zinc in 
nitric acid was evaporated to dryiu-ss. The solni residue on stioug 
heating pioduced 1 497 gms of zinc oxide In another experiment. 
0*^43 gm of zinc displaced 0 ^27 gm of copper from a solution of 
copper sulphate, Pind the equivalent weights of zinc and copper. 

Wt. of zinc==» 1*201 gms ; wt of zinc oxide=I*497 gms 

Wt of combined oxygen=l -497 - 1*201 =0 296 gm 
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0'296 gm of oxygen combines with 1*201 gms of zinc 


8 gms 


„ combine 


1201x8 
0 *i:y6 " ” 


i.OrtI V R 

/. Equivaleiil weight of zinc— “ ^95 

We know that when a metal displaces another metal from the 
solution of a salt of the latter, the displacement takes in the ratio of 
the chtmical equivalents of the two metals. 

• zinc (the disp ldci n/g mrt i l) E4 wt of zinc 

Wt ot copper (ttie oietal aispldcej)~hq. wt ot copper 

0‘M3 ^ 2-45 

0 SiT^Eq. wt of copper 

T 7 , r 32 45x0*527 ^ 

Eq. wt. of coppei^- — =31*5 


(61 0*1827 gm of the chloride of a metal was converted 
quantitatively into 0 1057 gm >>f the corresponding oxide. Calculate 
the equivalent weight of the metal. (Cl — 35*5;. 

If X be the eq. wt of the metal, (x+8) tjms of the oxide will be 
obtained fiom (x4 35 5) gms of luc chloride (•.* 8 and 35*5 are the 
eq. wts of oxygen and chlorine respectively) 
x+8 O^U)o7 

X *> “0 1''2/ 

.*. X--29 h8 i e. Eq wt of the m3tal--29*88 

(7) A s luti^n c jntdining 1 g»n of zme chloride gave 2 110 gms 
of silvei chloride un treatment with excess of silver nitrate solution. 
Calculate the equivalent weight of zinc iAg- 10 /* 88 , Cl -35 46, 
valoacv of Ag -I) 

107 8S } u'46 01 143*34 gms of silver chloride contain 35*46 

gma of chUraoe. 

35 V /?*110 

2i0g s of silver chloiidc .ontain ‘ — TaT” 

1 J J r 

or 0 gm of chlorine 

, Wt ^'f w'hhnine present in the given quanliiy of zinc chloride 
-0*5219 g»ii 

Wiofzmc (1 -0 52(9) 0*4781 gm 

0 5219 of chlorine c mbi with 0*4781 gm of zinc 

_ 0*478 x:35*4^ 

35 4o gm* .. combine ,, 0*5219 


^ . 0 4781x35*46 _ 

Eq. wt of zinc= — =32*48 


gms of zinc 
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Alternatively, let x be the equivalent weight of zinc 

Th wt of zinc chloride x+3S‘46 

wt of silver chloride“107‘88+35‘46 


1 x+ 35-46 
’ 2-110” 143 34 


x=32-48 


Problems on the atomic weights of elements : 

(8) The chloride of a metal was found to contain 20'2% 
chlorine. The spnific heat of the metal was 0 224. Calculate the 
exact atomic weight of the metal. Write down the molecular 
formula of the chloride of the metal. (Cl =35 3) 

As pet data given, 
in 100 gms. of the metal chloride 
wt. of the metal=20'2 gms. 

.-. wt. of chlorine=(100 - 20-2)=79-8 gms. 

79'8 gms of chlorine combine with 20 2 gms. of the metal, 

35-5 „ ,. .. „ ., gms. of the metal 

.*. Eq. wt of the metal= ^ - ^ =8-98. 

/V o 

Applying Dulong and Petit’s law, 

6*4 

approx, atomic weight of the metal--Q.224=*28-57 

28*57 

/. Valency of the mctal= fnearest whole 

number) 

/. Exact at. wt. of the metaJ = 8-98x3— 26*94 
If the metal is symbolised by M, the molecular formula of its 
chloride is MCI3 

(9) If the equivalent weight of a metal (M) be x and the formula 
of its oxide be MmOn» show the atomic weight of 

M= — • [W. B. H. S. 1983] 

m 

From the formula of the oxide M„,Oni it is evident that 

16n gms. of oxygen combine with am gms. of M where 

a=at. wt. ofM 

8 gms. of oxygen combine with g®s* of M 

2sn 


am 
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Altenmtirely, 

Prom the formula of the oxide M,aO«, it is seen that 
m atoms of M combine with » atoms of oxygen 

1 atom „ „ combines ,, ~ „ i> » 

nt 

ft 

^ atoms of oxygeii='^ atoms of hydrogen 

•*. valency of M= — 
m 

At. wt. ofM=~”* 

m 

(9a) A metal forms a solid oxide containing 34*8% of oxygen. 
The atomic weight of the metal is 45. Calculate the valency of the 
metal and write down the formula of its oxide. 

In the oxide, 

percentage of oxygen =34*8 

„ mctal-=(I00-34*8)-=65*2 

34*8 parts by wt of oxygen combine with 65*2 parts by wt of 

the metal 

^ tf •» i> t 9 9 > »» 99 34 pg parts by 

wt of the metal. 

/. Eq. wt. of the metal =^--^^-^^ — 14*9 

•*. Valency of the 3 (nearest whole 

number) 

.*. Formula of the metallic oxide- M^Og (where M stands for 
the symbol of the metal.) 

(10) 0*1 gm. of a metal (M) when dissolved in dilute hydro- 
chloric acid gave 124 4 c.c. of dry hydiogcn at N.T.P. The specific 
heat of the metal is 0 214. What is the accurate atomic weight of 
the metal? Write down the fOxTialas of the oxide, chloride and 
phosphate of the metal. 

Wt. of 1 cc. of hydrogen at N.T.P. =0*00009 gms. 
wt of 124*4 c.c. of „ „ „ =124*4 x 0*00009 gms. 

;::::;0*0112gm. 
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0- 0112 gm. of hydrogen is displaced by 0-1 gm of the metal 

1- 008 gms are „ 




0Uil2 


metal. 


. D . p »» 0-1 V 1 008 „ 

• • =9 


64 


According to Dulong and Petit’s law, approx, at. 


=29 9 


29*9 

/. Valency---— =3'32 ;?sj 3 (nearest whole number) 

Accurate at wt. of M=^9x3~27 and the formulas of the 
oxide, chloride and phosphate are MfcOa, MOa and MPO4 
respectively. 

(11) An oxide of an element contains of the element. The 
vapour density of the chloride of the element is 66. Calculate the 
atomic weight of the element. (Cl --=35*5) 

In the oxide, 

percentage of the element=53 ; percentage of oxygen=(IOO-53) 

--47 

Hence, 

47 parts by wt. of oxygen combine with 53 parts by wt^ of the 

element 


•1 »> 




53^8 

4/ 


19 )> 19 


Eq. wt of the element — =9 02 

Vapour density of the chloride of tl c element =-»'6 

Mol. wt. „ ,, „ ---2x66=-132 

(acrording to Avogadro) 

Let the valency of the element— V, its at, wt — A and its symbol— 
M, then 

the formula of the chloride will be MClv 
Mol wt. of the chloride -rA-l- 3^*5 V 
=EV+35*5V [',* at wt=^cq. wt (h)x valency] 

== V(E+35 5)=V(9 02-l-35-5)-=44 52V 

‘32 

Mow, 44*52V==132, V--^ " - 3 (nearest v^hole number) 

At, wt of the element^ 9*02 X 3—27*06 
(12) The equivalent weight of a metal is 29 73 and the vapour 
density of its chloride is 16*30 (0—1). Find out the atomic weight 
of the metal. 
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Vapour density of the metallic chloride (given)— 16*30 (0«1) 

The vapour density of oxygen=8 (H=l) 

actual vapour density of the metallic chloride— 16 30x8 
^13040 

Mol wt. of the metallic chloride~2 x 1 30*40 —260*80 
Let the formula of the chloride be MCj„ (where M=symbol of 
the metal, v—valency of the metal) 

Mol wt of the chloride^ At wt. of M + 35*5v 
or, 260 80=29-73 xv+35*5v (v At wt = Bq wtx valency) 

/. v=4 (nearest whole number) 

.*• At. wt. of the elemcut-=29 73 x 4= 1 18*92 

(13) Potassium permanganate is isomorphous with potassium 
perchlorate (KC104). Analysis shows that potassium permanganate 
contains 34 8% of manganese. Find t e atomic weight of 
manganese. 

Let X be the at. wt. of manganese. The lormula of 
potassium permanganate is KMnOi as it is isomorphous with 
KCIO4. 

So, the molecular wt. of KMn04=39 f 4x 16=103+x 

X X 1 00 

and % of Mn in the compound^ 


According to data supplied. 


XX 100 

10.5 l-x 


=34*8 


X- 54 98 


(14) A metal M forms a chloride which contaii s 70*66°o hy 
weight of the melal and is >si'morph<.us with KCl. Talculate the 
atomic weight of the metal (Cl— '^5*5). 

In 100 parts by weight of tne giveji cblorkif' 
wt of the metal -70 (>«» patK 
wt ol chlorine ^ 100- ?‘i*6^ 29 34 paiU 

29 31 parts b> wt of chion» c combine with 70 66 parts by 

wt of the metal 

7f)'^6x3^5 

« • jj ^ pp 29 


pa.ts by wt of the metal 

Eq. w t of till' metid — " 27-4 -5'5‘'I9 

Chloride of M is isomorphous with KCl 

Valency of M wilt be equal to that of potassium i.e. I 
At. wt. of M=83'49x 1=85*49 
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Altermtivelyt 

In the chloride of M, 

29*34 gms of chlorine combine with 70*66 gms of the metal 

1 gm „ „ combines with or 2*40 gms of 

the metal 

In potassium chloride 

35*5 gms of chlorine are in combination with 39 gms of 

potassium 

1 gm „ is „ „ or 1*09 gms of 

potassium 

So in the two isomorphous compounds, the ratio of the weights 
of metal and potassium combining with the same weight of chlorine 
■=2*40 : 1*09 

But in the two compounds, the number of atoms of the metal 
=number of atoms of potassium i e. the ratio between the weights 
of M and potassium is equal to that between the atomic wts of M 
and potassium. 

• At. wt of M 

At. wt of potassium 1*09 

At, or 85-8 

(•.' at. wt. of potassiuin=39) 

(IS) The oxides of the metals A and B are isomorphous. The 
atomic weight of A is 43 5 and the vapour density of its chloride is 
75. The oxide of the metal B contains 40% of oxygen. Calculate 
the atomic weight of B. (Cl =33-5) 

Mol. wt of the chloride of the metal A =2 x 75= 150 

(according to Avogadro’s hypothesis) 

Let the valency of A be V. Then the formula of its chloride will 
3)6 AOb 

.•. Mol. wt. of the cbloride=150=(43'5+35'5v) 

' ’ 35 ' 5^ ' ^ ^ (nearest whole number) 

So, the formula of the oxide of A=AtOs. 

Again, in the oxide of B 

Percentage of oxygen=40’0 

„ „ the metal B=100— 40=60 
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40 parts by weight of oxygen combine with 60 parts by 

weight of B 

8 » .. »» M „ combine with 

or 12 parts by weight of B 
/. £q. wt of B~12. Since the oxide of B is isomorphous with 
that of A» the formula of the oxide of B will beB203andthe 
valency of B is 3. 

/. At. wt of B=1 2x3=36 


(16) 0*12 gm of a metal is dissolved completely in dilute 
sulphuric acid liberating 41*10 ml of hydrogen at N.TP. Calculate 
the equivalent weight of the metal. The residue left gave on 
evaporation in a desiccator a white crystalline compound 
isomorphous with FeS04.7HaO. Molecular weight of the com- 
pound was approximately 287. Calculate the exact atomic weight 
of the metal. [Use the data : gram-molecular volume of a gas is 
22 4 litres at N.T.P and atomic weight of sulphur is 32] 

1 gin-molecule of hydrogen =2 x 1008=2*016 gms of hydrogen. 
41*10ml of hydrogen =0 04 11 litie of hydrogen. 


At N.T.P., 22*4 litres of hydrogen weigh 2*016 gms 


” 0 0411 ' 




. , 2 01 0-041 1 

weighs 


gms 


Now, 


2*016 x 0 0411 
224 


gms of hydrogen are displaced by 0*12 gm of 

metal 


1-C08 


22*4 l^xj'008 
2ol6x0o4ll 


Eq 


wt of the nietal= 


22 4xO*^2> 

2s 3 .'OO-rU " ^ 


7 


gins of metal 


Since the sulphate obtained by dbst'lvinp the metal in dil. 
sulphuric acid is isomorph >us with l'’eS04 7H<0, it contains the 
same number of atoms united in (he same way. So its formula will 
be MSO47H8O (v?here M it presents the me tap and the valency of 
the metal is 2. 

Let the atomic weight of the v<c* d be x 

Molecular weight of MS04,7HaO--x-^32+4x 16+7x 18 

=x f 222 

x 4-222=287 or x-=65= At wt of the metal (approx) 
Again, (nearest whole number) 

Exact at. wt. of the mctal=32*7x2=65'4 
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(17) Magnesite and calamine are isomorphous and percentages 
of magnesu'm and z\nc in the salts are 2K-57 and 52 respectively. 
The atomic weight of zinc b'jing 65, caJculare that of magnesium. 

Magnesite and calamine possess the similar formulae as they are 
isomorphous. So the wenhfs of magnesium and zinc which have 
comb ned with the same weight of carbonate radical are in the ratio 
of their atomic weights. 

Peicentage of magnesium in magnesue=?8*57 

„ ,9 carbonate —100-28 57—7143 

,, zinc in calamine -52 
,9 „ carbonate „ -100 — 52 -48 

wt. of m«ignesium which combines with 48 parts by weight of 
carbonate radical^^^-^^ x 48— 19*2 


In two isomorphous compounds, the ratio of the weights of 
magnesium and zinc that combine with the same wt. of CO3 radical 
is 19 2 : 52 and the two compounds will contain the same number 
of atoms of the two metals i.e. ratio of their wts. must be the ratio 
of their atomic wts. 

At. wt. of magnc sium_19*2 
** At. wt. of zinc 52 


Let X be the at wt. of magnesium. 


• ' 65 52 


x=^24 


Mole and chemical calcnlations using mole concept : It has been 
<liscussed earlier that the molecular weight of any substance, 
(element or compound^ in grammes is called the gram-molecule or 
mole of the substance and the mole of a substance always contains 
a fixed number of its molecules This fixed number is known as the 
Avogadro number or Avogadro constant, the accepted value of 
which is 6*023x10*®. Thus, 2016, gms of hydrogen contain as 
many molecules as there are in 28 01 6 gms of nitrogen or 17*032 gms. 
of ammonia. 

It has further been proved that I gm-atom (atomic weight 
expressed in grammes) of any element contains Avogadro number 
(6*023 X 10^®) of atoms of that element and the number of individual 
ions present in 1 gm-ion (relative weight of an ion expressed in 
grammes) of any ion is also 6*023 x JO*'®. So 32 00 gms of sulphur, 
12 00 gms of carbon and 22 9:^ grammes of sodium contain the same 
constant number of atoms of the respective elements and this con- 
stant number is always 6 023x10*®. Similarly, 22 99 gms of Na+, 
35 46 gms of Cl" and 96 gms of will be found to contain 

45*023 X 10*® ions of the respective species. 
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It may be noted that ao atom or a radical by the loss or gain of one or m'>re 
e1ecrroa<) 14 c mveited to an ion The weii^hts (mass) ot the electrons are negligible 
and for all pract cal purposes, the weight oi an ion is taken to be equal to that of 
an atom or a radu iJ tiom which it is obtained. 

fn the light of Avogadro number the concept of mole is now 
appl!<^d 111 d wider sense, fhe ‘mole* is now regarded as the amonnt of 
the substance which contains 4vogadro number of elementary entities 
(such as molecules atoms ioii> or elections) constituting the 
substance under investigation In other words, the hxed weight of 
any substance, (m '‘lecular, atomic 01 lon/c » containing 6 02^ X 
particles of the substance is known as the uh le. 

To differentiate between I gm-mi^lecu1e 1 iim-atom and 1 gm ion. the terms 
mole mokcule, m )Ie atom, mole>ioa etc are sometimes used lu&tead of simple 
mole. 

N >w»idays, the term ‘m »le’ is frequently us^d a unit in various 
types of them. dl Cdlcula^i »na and in many ca^cs, the method of 
ralculafion'i based on the mole concept isei^ier and more logical 
than the method ( om ntmly employed. 

We know th it any chemicil reacti m fake> place in the ratio of 
the definite weights of the substances tiding part in it As it is 
possible to calculite easily how mmy moles of a substance corres- 
pond to a given wemht (mass) of that substance, we may say that 
the substances react m the ratio of the definite number of moles. 
Thus, the iiumbei of moles of a substance and its corresponding 
quantify cin be used synonymously 

Now, 1 mole molecule —molecular wf (in gms) ; 

1 mole atoin=atomic wt (in gms) ; 

1 mole ion— wt of an ion (in gras) 

and number of moles xN( Avogadro Number) -Number of 

molecules or atoms or 10ns. 

•. 15 gms of MnOe^ or moic of MnOg 

5 4 

5 4 „ „ aluminium-- ^7 or 0 2 moles of aluminium 

0 2 mole of dluniinium> N 0 2 x 6 023 ^ 10*® atoms of aluminium 

0 01 mole of sii phunc acid=0 0I x98-=0 98 gm of sulphuric acid 

0 01 m >le of sulphuric acid x N=0 01 \6 02^X 10*® molecules of 

sulphuric acid. 

We know fpr*her that 22 4 litres c/ t gas at N. f P. contain one 
mole molecule (or one mule atom in the case of monatomic element) 

At N.T P 2 8 litres ot <^0*=— or 0-125 mole of CO, 

0 2S mole of SO, =0 25 x 22 4^0-53 litre of SO, at N.T P. 

01 mt. le of sulphate ion (SOJ— O’l x9S— 9 6 gms of SO4 ions. 
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01 mole of S04“ions x N=0-1 x 6 023 X 10“ of sulphate ions 

1 773 

1'773 gms of chloride ion moles or 0-05 mole of Cl- 

The term mole electron has also been introduced. The equivalent 
weight when expressed in grammes is referred to as the mole 
equivalent. 

1 gm of hydrogcn=l mole equivalent of hydrogen atoms 
8 gms of oxygen 5 mole equivalent of oxygen atoms 
35'46 „ „ chlorine - 1 mole equivalent of chlorine atoms. 

Namerical problems using mole concept 

(1) How many grammes of carbon and oxygen are present in 
2*5 moles of carbon dioxide ? 

Wt. of carbon in 1 mole of carbon dioxide (CO®;— 12 gras 
M 19 19 „ 2*5 moles,. „ „ =-12x2*5 

=^30 gms* 

Wt. of oxygen in 1 mole of carbon dioxide=I6x2— 32 gms 
**• 9> 99 IS ,,2 5 moles i* ,, ,, —32x2 5 

=80 gms. 

(2) How many atoms of hydrogen and oxygen arc^present in 

14*4 gms of water ? ^ 

14 4 

14 4 gms of water=- — mole or 0 8 mole of water 

lo 

Number of bj/drogen atoms present in 1 mole of water 

-6 023/ 10“ X 2 

„ „ „ „ „ 0-S mole of water 

6-021/. 10*'x2xC^ 
- 9-636 > lO-" 

Number of oxygen atoms piisent In 1 mole of water 

--6 023x10“ 

• *' -1 >* if M 0 15 ft >9 

=6() r>xi0“x0-8 

4 818x10® 

(3) TVhat weight of oitiogcn coiuatns Ih^ san.e nuniber of 
molecules as 1 1-2 litres of Cniboii dioxide at N f.P. ? 

1 1-2 litres of COg=* ^ 4 

Number of molecules present in 0-5 mole of COB=Number of 
molecules of nitrogen present in 0-5 mole of nitrogen 

0*5 mole of nitrogen =28x0*5=14 gms* 
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(4) 2*3 gms of sodium are lowered into 2000 ml bottle filled 
with chlorine gas at N.T.P. After the reaction is over, find — 

(i) How many moles of NaCl are formed in the reaction ? 

(ii) Which of the substances is left unconsumed ? Give its 
weight in grams. fNa=23 ; Cl=35‘5) 

2 Na + Cl* -^2 NaCl 
2 moles 1 mole 2 moles 

=22*4 litres at N.T.P. 

2*3 

Number of moles that have been taken = 23—®’^ 

From the above reaction, it is seen that 2 moles of Na react with 
22*4 litres of Cl* to form 2 moles of NaCl. 

22*4 V 0*1 

0*1 mole of Na reacts with - ^ or 1*12 litres or 1120 ml 
of Cl* at N.T.P. to give 0*1 mole of NaCl 

As the bottle contains 2000 ml of Cl* at N.T.P, 

the voL of unconsumed Cl* gas=2000-1120 

-880 ml at N.T.P. 

Now 22400 ml of Cl* at N.T.P. weigh 35*5 y 2--71 gms 

880 ml of Cl. at N.T P. 

—2*79 gms. 

(5) A current of dry hydrogen is passed over cupric oxide 
heated in a bulb tube. Calculate the volume of hydrogen at N.T.P. 
required for the reduction of 0*8 gm of the oxide. (Cu=63*57) 

0 S 

0*8 gms of cupric oxiac=^^ ^^=0*01 mole of CuO 

CuO + Hg = Cu + H*0 

1 mole 1 rao'e 

1 mole of the oxide requires 1 mole of hydrogen 

• *. 0 01 ,, I, ft ff 0 01 ,1 f, 

0*01 mole of H2=^-0 0i x 2? 4=0*224 litre of hydrogen 

(61 Whdl weight of calcium carbonate would produce sufficient 
carbon dioxide to convert 30 gm of caustic soda into sodium 
carbonate ? (Ca 40, Na=-23) 

2NaOH + CO, - NagCOa + HgO ; CaCOs^CaO+CO, 

2 molws 1 mole 1 mole 1 mole 

2 moles of NaOH for its con version into Na*OOa require 1 mole 
of carbon dioxide which is obtained by heating 1 mole of CaCO*. 

11 
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30 3 


Again, 30 gms. of NaOH'=;^=^ mole of NaOH 
2 moles of NaOH require 1 mole of CaCOs 
„ requires 


\ mole 
4 


3 3 

2 X 4 8 CaCOs 


I mole of CaCO3=|xl00 

- 37'5 gms. of CaOOs (•.* mol. wt CaCOa= 

100 ) 

(7) 38'97 gms. of pyrolusite (impure manganese dioxide) liberate 
sufficient chlorine fiom hydrochloric acid to convert 10 gms. of iron 
to anhydrous ferric chloride. Calculate the p.:rceutdge of pure 
manganese dioxide in the pyroluute. (Mn - 55, Fc— 55‘8, Cl=35 5) 

2Fe + 3Cls = 2PeUa; MnO, i-4HCl-=MnC4-^2HjO-LCte 
2 moles 3 moles 1 mole ] mole 

Now 10 gms. of iron— mole of iron. 


From the first equation, we know 
2 moles of iron require 3 


moles of chlorine 


10 

50*8 


, .3x10 

mole „ „ requires ^ - 55 g 


mole of MnO, 


Again from the second equation, 

1 mole of chloiine is obt lined from 1 mole of MnO^ 

3x10 3v'0 

2xr5 8'’’* ” ’• ’* 2 x- 55-8 

3x10 , 3.^10x87 

"''’eofMnOa- ^ 55 8 

— 23'387 gms. of MnOj 

Now, 38 97 gms. of pyrolusite contain 23"3S7 gjis. of pur* MnOj 

23-387x 100 

» „ •, - 3g9; 


2x55 8 


100 


or 60 gms. of MnO* 

of pure MnO£=60, 

(8) 10 gms. of each of potas«lum nitrate and potassium chlorate 
are septrately decomposed to yield ox' gen Compare the volumes 
of oxygen produced at N.l.P. (K— 39, N 14, CI-=35 5) 

2KNO*=r2KNO,-l-08 : 2KOiO,--2KCl , JO, 

2 motes 1 mole 2 moLs 3 moles 


From the above equations, it is evident that 2 moles of KNO3 
decompose to yield 1 mole of oxygen while 2 moles of KClOs give 
3 moles of oxygen. 
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Now, lOgms. of potassium nitrate^—— 0*099 mole of KNO^ 

and 10 gms. of potassium chlorate =^22.^ ^0*082 mole of KCIO, 

Oxygen produced from 0*099 mole of KNO3 

1X0 099 , 

— 2 0'*^^ “oJ* 


and 


0*082 mole of KClOj 

"^^^*^—0*1224 mole 


0 0495 mole of oxygen— 0*0495 x 22*4-=. I *109 litres of oxygen 
0 1224 mole,, „ -=0 1224 x 22*4=2*742 litres „ 

. Vo] of oxgen from potassium nitrate _1*109_ 1 
Vol. ot oxygen from potassium ’chlorate~2*742~2~472 
.*. Ratio of the vols. of oxygen 1: 2 472 
(9) 1 2 gms. of a mixture of sodium and potassium chlorides 
gave with silver nitrate 2*869 gms of silver chloride. What is the 
weight of sodium chloride in the mixture ? fNa=.23, K=39, Cl =35*5 
Ag=108) 

NuCI 4 AgNO, = AgCl - NdNOj 
1 moie 1 mole 


KCl - AgNO, = AgCl ' KNO 
1 mole 1 mole 

From the above equations, we find that 

1 mole of NaCH 1 mole of KCl-r;2 moles of AgCl 

mol. wt of NiCl -23 t 35 5 -58*5 ; mol. wt of KCl -39-t-35 5— 
74 and mol. wt of AgC! - 108i-35 5-143 5 
Let X be the weight of NaCl in the mixture. 

*. wt of KCl m ihe mixture (1*2 a) gms 
\ ,1*2-a:^2 869 
58 i'*' 74*5 143*5 


Solving Ihe equation, we get 

x=l*l69 Amount of NaCJ in the mixture 1*169 gms. 

(10) 0*109 gm. of a m.tjl was dissolved in dilute sulphuric acid 
Old the hydrogen pioduced was eA|>l'»ded witti 2' c c. of dry oxygen 
at N.T.P. The residual hydrogen g<s <il the same temperature and 
pressure occupic* 25 c c. CaLulate the ciiiiivalent weight of the metal. 
25 c.c. of oxygen combine with 50 c.c. of hydrogen 

Total vol. of hydrogen liberated by the metal-- 50 1- 25 

=75 c.c. 

At N.T.P. gm -atomic vol. of hydrogen=ll*2 litres 

= ]1200cc. 

(*.' hydrogen molecule is diatomic) 
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75 

75 c.c. of hydrogen= mole equivalent of hydrogen 
Let the eq wt of the metal be x, then 
O' 109 gm of the metal mole equivalent of the metal 


According to the definition, 
75 _0J109 
11200 


or x= 


0‘109xll200^jg.27 


Calculate 


X - 75 

(11) 0*3975 gm of copper oxide was heated in a curreiU of dry» 
pure hydrogen and 0*3175 gm of copper was obtained, 
the equivalent weight of copper. 

Wt of copper oxide - wt of oxygen =wt of copper 
/. wt of combined oxygen=0*3975 — 0 3175=-0*0800 gm 
8 gms of oxygen=0‘25 mole of oxygen and 

0*08 gm of „ =^ 32 ^ mole of oxygen. 


008 


^ mole of oxygen combines with 0*3175 gm of copper 


0*25 


Now, 

32x0*3175x025 

” ” o'os’ 

or 31*75 gms of copper 

Eq. wt of copper=31*75 
Alternatively, mole equivalent of oxygen=-8. 
weight of copper be x 

mole equivalent of oxygen 0*080 gm 


Let the equivalent 


or. 


eq. wt of copp'^.r 
8 0 080 


"0*3175 gm 
or x^31*75 


eq. wt of copper 0 3i75 

(12) A solution containing 0*75 gm of zinc chloride when 
treated with excess of silver nitrate solution gave 1*5825 gms oi 
silver chloride- What is the equivalent weight of zinc ? (Ag~ 107-88, 
Cl=35*46) 

Mole equivalent of silver chloride 
=107*88+35*46-= 143*34 gms. 

1*5825 

1*5825 gms of silver chloride^ mole equivalent of AgCl 


Let the mole equivalent of ZnClj be x ; then 0 75 gm of zinc 
0'75 

chloride=“ mole equivalent of ZnClj 

075 1*5825 
X "143 34 

.*. x=67 93 gms. .*. Eq. wt of ZnCl2==67'93 
Eq. wt of zioc=Eq. wt of zinc chloride — Eq. wt. of chlorine= 
67'93-35*46=32'47 



CHAPTER 6 

ACIDS, BASES AND SALTS 


Acids : Ordinarily, an acid is a compound the raolecnle of which 
contains one or more hydrogen atoms replaceable partially or 
completely, directly or indirectly by a metal or a groop of elements 
behaylng like a metal to produce salt. 

Certain metals which are much more electropositive than 
hydrogen (viz. metals which are placed above hydrogen in the electro- 
chemical series*) react with many acids and liberate hydrogen gas, 
Tn these cases, the diplacemcnt of hydrogen of the acids takes place 
directly. But in majority of cases, this displacement process occurs 
through reactions between the acids and the oxides or hydroxides 
of metals. 

Hydroxides are the compounds containing an atom of a metal 
(or a metal like radical**) united with one or more hydroxy (OH) 
groups. The product formed by the partial or total replacement of 
hydrogen atom or atoms present in the molecule of an acid by a 
metal or a group of elements acting like a metal is known as a 
salt. 

There are certain properties which are common to almost all 
acids. Generally, the aqueous solutions of acids have a sour taste. 
Most acids turn blue litmus red and react with metallic oxides or 
hydroxides (bases) with the formation of salts and water. 

Acids are also characterised by their tendency to react with metal 
carbonates and bicarbonates evolving carbon dioxide. In aqueous 
solutions, the acids conduct electricity. 

metal acid salt metallic acid salt water 

oxide 

Zn h HbS 04 -ZnSO^+He MgO + H»S04=MgS04 +H ,0 
Mg + 2 HC 1 =rMgCla+H8 CaO +2HN0,==Ca(N08)2+HB0 

Hydroxide acid salt watei 

KOH + HNO,=-KNO,+HaO NajCOa ^HBS04=Na8S04 f CO* 

+H80 

Ca(OH)2+2HCl-:CaCl2 \- 2 lhO NaHCO^+HCl-NaCl+COg 

+H80 

So, the above hydrogen containing compounds like HCl, HNO3, 
H2S04 are a^ids. 

* The electro-chemical series of metals has been discussed in chapter 7 of this 
book. 

** Ammonium radical consisting of one atom of nitrogen and four atoms of 
hydrogen i.e. NH 4 is a familiar metal-like radical. 
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It is to be noted that any acid contains hydrogen but any compound containing 
hydropen is not an acid. A compound containing one or more than one hydrogen 
atom in its molecule ^ill be termed as an acid only when its hydrogen atom or 
atoms are replaceable by a metal and the product thus obtained must be a salt. 
None of the four hydrogen atoms ot methane (CH4) can be replaced by a metal. 
The metals like sodium, potassium displace hydrogen from water (HsO). but the 
product obtained in each is not a salt. So, methane and water, though they 
contain hydrogen atoms in tbeir molecules are not acids. 

Classification of acids : Actd<i are generally divided into two 
classes : (a) Hydracids and (b) Oxy-acids. 

(a) Hydracids : The acids ^hich contain hydrogen and a non- 
metallic element {other than oxygen) or a radical are known as 
hydracids. It is to be noted that the names of the hydracids usually 
begin with the prefix hydro and end with the suffix ic. For example, 

HCl (hydrochloric acid) HCN (hydrocyanic acid) 

HI (hydroiodic acid) H^S (hydrosulphuric acid) 

(b) Oxy acids : The acids which contain oxygen besides h\drog**n 
and a non-metollic element or a radical are called oxy-acids. In other 
words, acids containing oxygen are said to be oxy-acids. The oxy- 
acids are named according to the non-metallic elements present in 
them and their oxygen content It is c ustomary that the names 
of the acids having larger proportions of oxygen teiminatein — ic 
and the names of the acids containing smaller porporlions of oxygen 
end in '—ous. 

If an element forms a senes of oxy-'icid*?, the prefixes ‘hypo" and 
•per* are added to the names of the acids containing less oj^gen than 
the ous acid and more oxygen than the -ic acid lespectively 


Add producing 
element 



Oxy-acids 


’ 1 C acid 

-ous acid 

hypo acid 

1 per acid 

Sulphur 

H.SO, 

sulphuric 

1 — 

j H,SO, 

1 sulphurous 

H.S.Oi 1 

hypo sulphurous 

] 

per sulphuric 

Nitrogen 

HNO, 

nitric 1 

1 

1 HNOi 
nitrous 

H.NoO* 
hypo nitrous 

1 __ 

1 

Chlorine 

HClOa 1 

chloric 1 

1 

1 HCIO. 

1 chlorous 

1 

1 HOC) ^ 

bypodilorous 1 

1 

1 HCIO, 

per chloric 

Phosphorus 

H,P 04 I 

phosphoric 1 

HaHOi 

1 phosphorus 

H,PO, 

1 hypopho&phorus 

1 

1 


Acids may also be classified into (i) mineral acids and (ii) organic acids. 
Hie acids which can be derived ffom the mineral substances are known as mineral 
adds. Hydrochloric add (obtained from common salt— NaCl), nitric acid (obtained 
from sodium or potassium nitrate), sulphuric acid (from sulphur), phosphoric acid 
(obtained from calcium phosphate) etc. belong to the class of mineral acids. The 
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acids which coatain cat bon as an essential eiement and can be obtained from eiiher 
plants or animals are designated as organic acids. Formic acid (HCOOU), acetic 
acid (CH^COOH) etc. are some of the well known organic acids. 

A dififerent way of classification is based on the number of 
replaceable hydrogen atom or atoms the acids contain. Thus» an 
acid is said to be monobasic acid if a molecule of it contains only one 
replaceable hydrogen atom e g. HCl, HNO3. HCIO3 etc. Acetic 
acid (CH3COOH), though contaming four h>drogen atoms per 
molecule, is only monobasic as only one hydrogen atom of it can be 
replaced by a metal or a group of elements equivalent to a metal. 
Similarly, acids having two replaceable hydrogen atoms in each 
molecule are called dibasic acidv and acids which contain three 
replaceable hydrogen atoms arc called tribasic acids. H2SO4, 
HgSOs, HjCOa the familiar examples of dibasic a:ids. 

HjP 04 is a iribasic acid. In general, acids having more than one 
replaceable h>drogen at jm aic termed as polybasic acids. 

Bases : Basrs belong to a class chemically opposite to the acids. 
Bases are usual! v the oxides or hydroxides of metals and react with 
acids to produce salts and waser The process in which an acid and a 
base react togethr-j in proper proporti ns and lose their individual 
characteristics with the formation jf salt and water is known as 
neutralisatiof* 

A i*jLse, if soluble in water, turns blue litmus red 
Ba^e Acid Salt Wate. Base Acid Salt Water 

CaO-h 2 Ha -- CaClg f H,0 ; NaOH HNO3 -- NaNOg-h H^O 

CuO f 2HNO3 -Cu(N 03)2 Ca(OH)3 j-HaSOi = CaSO* +2H3O 
+H4O; 

ZnO hW2S04=ZnS0i-hHa0 ; A1(0H)3+3HC1=A1CI3+3H20 

Ammonia (Nhl|) is not an oxide or a hydroxide of a me*al but reacts with an 
acid to form a salt. 

Nt{, f HCl --NII4CI (ammonium salt) \mroonia is regarded as a base although 
it does not conform 10 the above dehiiilioo. 


The nature of the hydroxides 01 the metals vanes according to 
the position of the me al in the cicctxocbemical series, as illustrated 
below. 


^ ) 

Na} 

Cal 


Mg 

Al 

Zu 

Fe 

Pb 


The hydroxides of the metals') The hydroxides of sodium 
are soluble in water and Y and potassium are not 
are alkalis. J decomposed by heat. 


The hydroxides of the metals^ When heated, these 
are insoluble in water. The j hydroxides decompose into 
hydroxides of magnesium [ oxides of the metals and 
^and iron react with acids ^ water, 
only but the hydroxides of j 
aluminium, zinc and lead j 
react with both acids and j 
alkalis, J 
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Hgl Hydroxides of these metals 
Ag ydo not exist. 

AoJ 

Alkalis : Water-soloble hydroxides of metals are called alkalis. 

The most common alkalis are sodium hydroxide (caustic soda) 
NaOH, potassium hydroxide (caustic potash) KOH, calcium 
hydroxide (slaked lime) Ca(OH}e. The alkalis possess the following 
characteristic properties. 

(i^ They react vigorously with acids to produce salts and 
water, (ii) Their aqueous solutions turn red litmus blue, phenol- 
phthalene pink and methyl orange yellow, (iii) The aqueous 
solutions of alkalis are soapy to touch and conduct electricity. 

N.B. ( 1 ) Ferric hydroxide FefOHf)#, Zinc h>droxide Zn(OH)8. aluminium 
hydroxide Al(OH)8 are water-insoluble hydroxides. They ate bases but not alkalis. 
Thus, all alkalis are bases but all bases are not alkalis. ( 2 ) Ammonia (NHO 
dissolves in water producing ammonium hydroxide (NH4OH) which shows alkaline 
properties. So, aqueous solulion of ammonia is considered to be an alkali. 

NHa 1 HaO-NHaOH 

Basicity of an acid and acidity of a base : We know that an acid 
and a base in dehnite proportions neutralis^e each other to form 
salt and water. The basicity of an acid is its power if neutralising a 
base and is expressed by the number of replaceable hya. ^ atom or 
atoms the molecule of the acid contains. For example. 

Acid Basicity 

HCl, HBr, HNO3 1 (monobasic) 

H2SO4, H2OO3, H3S 2 (dibasic) 

H3PO4 3 (tiibdsic) 

Acidity of a base is its power of neutralism^ an acid and is 
expressed by the number of replaceable hydroxyl groups present in each 
molecule of the base. For example. 

Base Acidity 

NaOH, KOH 1 (monoacidic base) 

Ca(OH)2, Zn(OII)8, Mg(OH)g 2 (diacidic base) 

Ai(OH)3 3 (triacidic base) 

The acidity of a base which dose not contain a (OH) group is 
measured by the number of molecules of a monobasic acid 
required to just neutralise one molecule of it. Thus CaO and 
NaiCOa are diacidic bases as one moiecuie of each of the compounds 
requires two molecules ot a monobasic acid (say HCl) for neutrali- 
sation. 

Salts and their classification : 

Salts : Salts are a class of compounds obtained by the partial 
or total replacement of the replaceable hydrogen atom or atoms 
present in the molecule of an dTcid by a metal or a groap of elements 
behaving like a metal. 
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I Salt 

No of replaceable 
H*atom or atoms 


1 
2 

Salts may also be looked upon as the products formed in 
addition to water during neutralisation of acids by bases and vice 
versa. 

HaS 04 + 2 K 0 H«KeS 04 + 2 H »0 

2 HC 1 fCuO -CuCli+H «0 
acid base salt water 

Saits are generally grouped into three classes : 

(A) Normal salts : The salts produced by complete displacement 
of all the replaceable hydrogen atom or atoms present in the molecule 
of an and by a metal or a group equivalent to a metal are known as 
normal salts. 

Examples : 


Acid 

Normal salt 

HCl 

KCl, NH4CI 

H,S04 

K8SO4. (NH 4 )*S 04 

HsPO, 

K 3 P 04 ,(NH 4 >s ?04 


(B) Acid salts or bi-salts : The salts produced by the partial 
displacement of the replaceable hydrogen atoms present in the molecule 
of an acid by a metal or radical rating like a metal are called acid-salts 
or bi-salts. 

Examples : 

Acid Acid or bi-salt 

HeS04 NaHS04 (sodium hydrogen sulphate or sodium 

bisulphate), NH4HSO4, Ca(HS04)8 etc. 

HbCOs NaHCOa (Sodium bi-carbonate), NH4HCO8, 

0a(HC!03)8 etc. 

HsP 04 NaH8P04 (mono sodium dihydrogen phosphate) 

Na8HP04 (di- sodium hydrogen phosphate) 

Acid salts react with alkalis giving normal salts. 

NaHSO* -f NaOH -= + HbO 

KHCO3 + KOH = KbCOs + HaO. 

Soluble acid-salts like NaHS04, KHSO4 generally give acid 
reaction to litmus. But NaHCOa is slightly alkaline in its reaction 
due to hydrolysis which will be discussed shortly. 


H>-partial!y displaced I H—totally displaced 
by a metal or group > by a metal or group 

^ ' 

— j NaCl.NH*a 

NaHSO^, NH*HS 04 NSaSO*, INH*). SO* 
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(C) Basic Salts : The salts which are produced as a result of 
reaction of an acid with greater proportion of the base required to 
form a normal salt are called hade salts. A basic salt may also be 
taken as the product obtained by yie partial replacement of the 
hydroxyl groups of a di oi trj acidic bate by an acid radical or a 
non<metai like Cl, NOj, SO* etc. 


Base 

2Cu(OH)* 

3 Pb(OH). 

/OH 

Pb/ 

^OH 


Basic salt 

CuCOa Cu(OH) 2 [basic copper carbonate] 
2PbC03.Pb(0H)B [basic lead carbonate] 


/OH 

bi<iic lead nittate 


Pbs 

'Cl 

basic lead chloiide 


A basic salt in Tnan> cases may be considered as the double 
compound of a noimd salt and a base. For example. 


/OH 

2 Pb< 

^NO, 


Pb(OH)8.Pb^NO.)a 


Nomenclature of salts: In naming the salts, ceitain pencial 
rules are followed. A salt derived from a hydiacid is named 
according to the non-metal present in the parent acid and the salt 
will end in-ide. Thus, 


Acid 

Salt 

HCI 

NaCl (Sodium chloride), MgCl2 (Magnesinm 
chloride) 

HBr 

KBr (Potassium bromide), ZnBr^ (Zinc 
bromide) 

HCN 

NaCN (Sodium cyanide) 

HiS 

KjS (Potassium sulphide) 


From the examples given above, it is clear that the metallic part 
of the salt is named hist. The prefix hydro is dropped and the 
suffix -ic (of the acid) is chanf^ed to -ide. 

A salt obtained from an oxy-acid is named according to the non- 
metal other th'tn ox>gen present in it and the suffix -ic of the acid 
is changed to -ate while -ous is changed to -ite. In other words, 
the -ic acids will produce -ate salts and the -ous acids will give -ite 
salts. 

Acid Salt 

HeSOj Na2S04 (S(»djum sulphate), CaSO* (Calcium 

sulphate) 

HgSOa KsSOs (Potassium sulphite) 

HNO3 NH4NO3 (Ammonium nitrate.) 

HNOg NH4NO8 (Ammonium nitrite) 
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To name an acid salt, the word Ai* or hydrogen is placed between 
the metallic and the acid parts while a basic salt Is indicated by 
adding the word basic before the name of the salt. If the parent 
oxy-acid has any prefix such as per, meta, hypo etc. in its name, it 
will remain as such in the salt. 

Acid Salt 

HeS 04 NaHSO, [sodium bi-sulphate 

or sodium hydrogen sulphate] 

HgCOj CuC03.Cu(0H)i [basic copper rarbonalc] 

HbSeOs (NHOaSgOg [Ammonium per sulphate] 

(per sulphuric acid) 

HPO3 NaPOa (Sodium mcta phosphate] 

(meta phosphoric acid) 

HOCl KOCl (Potassium hypochl^Mitc] 

(hypochlorous acid^ 

Salts may have metals which can show variable valcn«'y. If the 
metal exhibits lower valency, the metallic part of the name ends in 
-ous^ and if the metal shows iiigher valency, the same ends in -ic. 
Thus, 

FeCl^ (Ferrous chloride), FeCI. (Feme chi >ride) 

Double salts and complex salts : Salts so far described are said 
to be simple salts In addition to them, there are two special types 
of salts known as the double salts and the complex salts. 

Double salts : Sometimes, it so happens that when a solution of 
a normal salt is mixed with that of another normal salt in molecular 
proportions and the mixed solution is subjected to crystallisation, 
the crystals of a new, single salt separate out. 

The salt thus obtained has definite number of water of crystallisa- 
tion per molecule, definite crystalline structure and properties which 
are altogether dififereut from those of the component salts. It 
contains both the noimal salts m molecular proportions and exists 
as a stable compound only in the solid state. But in aqueous 
solution, it breaks up into its constituent salts which on dissociation 
give all the ions contained in the simple salts. Such a salt is called 
a double salt. 

Potash alum havint» the molecular formula, K2SO4 AIe^SOjIs. 
24 H 80 IS a familiar example ot a double salt and is formed by the 
crystallisation of the soiiUion containing K8S04 and Al8(S04)j in 
mokcular proportions It gives all the ions of its constituent salts 
when dissolved in water. 

KaS04. Al8(S04>,^2K-^4 2Ar^+4SOr'* 

Complex Salts : Sometimes, the crystals of a new salt are 
formed when the solutions of two simple salts are mixed and the 
mixed solution is evaporated. The salt thus obtained is a distinct 
chemical substance in the solid state as well as in solution. In 
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aqueous solution, it does not dissociate into all the simple ions of 
the salts it is obtained from but yields complex ions along with the 
simple ions. Such a salt is known as a complex salt, 

Potasssium ferrocyanide K 4 Fe(CN)e, is a complex salt and is 
obtained on mixing the solution of ferrous sulphate witfi excess of 
potassium cyanide solution. From its composition (FeCCN)*, 4KCN], 
it appears to be a mixture of ferrous cyanide and potassium 
cyanide in the ratio of I : 4. In aqueous solution, it never dissociates 
into K'*', Fe"^* and CN“ ions but furnishes K+ and the complex 
ferrocyanide ion, ( ^e(CN) 5 ]‘"^. Obviou^ly, the solution of the salt 
will neither respond to the tests of ferrous ion nor those of the 
cyanide ion. 

K4Fe(CN)e;?±4K++[Fc(CN)J-« 

Ionisation of some complex salts is given below. 

[Cu(NH3)4]S04^[Cu(NHj)4r++S04- 

Cuprammonium sulphate 

K 2 PtCJ 6 ;?± 2 K+f[PtCfJ "2 

Potassium chloroplatinichloride 

The oxides and their classification : The binary compounds 
which are formed by the chemical union of oxygen with other 
•elements are known as oxides. Based on their chaiacteristic 
properties, particularly their behaviour towards water and the 
nature of the compounds they form with it, oxides arc classified 
into different groups. 

(A) Acidic oxides : Generally, the non-metallic oxides which 
react with the bases to produce salts and water are called the acidic 
oxides.^ Carbon dioxide, sulphur dioxide, sulphur trioxide, nitrogen 
pentoxide etc. are acidic oxides. Sometimes, the acidic oxides 
combine with some metallic oxides having basic characters and yield 
salts. 

Acidic Base Salt Water 1 Acidic Basic Salt 
oxide oxide oxide 

COb + 2NaOH = NagCOa + HbO j CO 3 + CaO = CaCOa 

SOa + 2NaOH = NaaSOg + H,0 SO 3 + NagO^ Na 8 S 04 

A soluble acidic oxide combines with water to form an acid that 
turns blue litmus red In othei words, an acidic oxide when soluble 
in water furnishes H'*’ ions in solution. 

CO 2 + H 2 O == HgCOa ; N.Os + HaO = 2HN08 

SOa + HaO = HaSOa ; PgOs + 31^0 - 2 Ii 3 P 04 

SO3 + HaO - HaS04 ; 

The acidic oxide from which the acid is derived on treatment 
wiih water is often called the anhydride of the acid (acid anhydride 
means acid without water). Thus COa and SOg are the anhydrides 
of carbonic and sulphurous acids respectively. Ordinarily, the acidic 
oxides do not react with mineral acids. 
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It is to be noted that higher oxides of some metals such as CrOa, MotOr arc 
acidic. 

(B) Basic oxides : A basic oxide is a metallic oxide which 
reacts with acids to produce salts and water only. Thus, copper 
oxide, magnesium oxide, calcium oxide, sodium oxide etc. are basic 
oxides. 

Basic Acid salt water Basic Acid salt water 
oxide oxide 

MgO+ H8S04=MgS04+HBO ; CaO+2HNOa=Ca(N03)2+HBO 
CuO +2HC1 ^CuClg +H80 ; Na80+ HbS 04 =.NaBS04 +H»a 

If soluble in water, a basic oxide forms a soluble base (alkali), 
which yields -OH ions In solution and turns red litmus blue. 

NaaO + HaO = 2NaOH ; CaO + HgO = Ca(OH)2 

The oxides of the most active metals such as sodium, potassium, 
calcium etc. readily react with water giving the corresponding 
soluble hydroxides or alkalis but majoiity of the metallic oxides are 
insoluble and do not undergo any reaction with water. MgO is 
slightly soluble in water whereas CuO is insoluble. 

An acidic oxide and a basic oxide are opposite to each other in 
respect of chemical characters and generally react with each other to 
give a salt. For example, 

CaO f COa = CaCOa ; NagO + SO3 = Na,S04. 

(C) Amphoteric oxides : The oxides which possess the proper- 
ties of both adidic and basic oxides are known as amphoteric oxides. 
They can react with strong acids as well as with strong bases to 
produce salts and water. Usually, they are the oxides of metals of 
less electropositive character. Examples of this class are zinc oxide, 
aluminium oxide etc. 

Acidic property : ZnO --I- 2NaOH — NaeZnOa -t- H^O 

Sodium ziacatc 

AlgOs 2NaC)H = 2NaA102 + HgO 
Sodium aluminate 

Basic property : ZnO + 2HC1 == ZnCla + HaO 

AlgOa i 6HCi -= 2AICI3 + SHgO. 

(D) Neutral oxides : The non-metallic oxides which show 
neither basic nor acidic characters i.e. which are indifferent towards 
acids or alkalis are called neutral oxiVes, If soluble in water, they" 
do not change the colour of the litmus. Examples of such oxides 
arc water, carbon monoxide, nitrous oxide (NoO), nitric oxide etc. 

(E) Peroxides : A peroxide of an element is th^ oxide which 
contains the higher proportion of oxygen than what is present in its 
highest typical oxide (basic or acidic). For instance, the typical 
oxide of hydrogen is water (H^O). Hydrogen forms another oxide 
containing more oxygen than that present in water. The second 
oxide is known as hydrogen peroxide (H2O2). Sodium peroxide 
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(NagOs) and barium peroxide (BaOg) are examples of peroxides in 
tbe &ense of the above definition (The typical basic oxide of sodium 
is NagO and that of barium BaO). Peroxides of metals on treatment 
with cold dilute mineral acids produce hydrogen peroxide as one of 
tbe products. 

Na.Og -h 2fICi = 2NaCl + 

BaOg ”1“ BaSO| -f- HgOj 

When heated, a peroxide loses a part of its oxygen. 

In peroxides, the oxygen atoms are linked not only to the atoms 
of the other element but also to themselves forming the oxygen 
chain, — 0—0— (conimonly known ab peruxy froup;. Thus, 
sodium peroxide and banum peioxide m<iy be r^prescpted fay the 
structural formulae given btlow : 



Based on the above di^cussioiip, a peroxide may be defined as an 
oxide whose oxygen conrcni exceeds that uf the typicaJ oxide and 
which contains peroxy group readily hydrolysible to h}drogen 
peroxide with cold, dilute acids. 

N B. Oxides containing higher proportion of oxj'iecu than the typical oxides are 
not always peroxide^ Foi c sample, lead dioxide, PbOs (usual babic oxide of lead 
IS lead monoxide - PbO), maDgane^e dioxide MnOi (typical basic oxide of manga- 
nese is manganous oxide- MnO) do not yifM hydrogen peroxide wflh dilute 
mineral aciJs and aio .toi peroxidci iii^pitc of their higher oxyf en content. 

(F) Mixed OxideF : A ir^xed i^xidc maybe regarded as com- 
posed of two jimpler oxides of the same element in different valency 
states. On treating with acids, cuch an ovule gives two different 
salts in which the other constituent clein''fit exhibits diQcient 
valencies 

Thus, ferroso .er*ic ox»r] bj\Mi the m'^lecular fornnila Fei04 
appears to be a com jound fo led bv icrrou*. oxide and feme oxide 
(FeO, Fe203>. ’'t reacts vviih c »iiC. bydroehionc a'lid to produce 
feirous and ferric chiondci». 

Fcj04 ^ 8H<'l = rtn>-l-2J CO3 *-4HcO 

Red lead, PbaO* is another mixed oxide vhich mav be represented 

as Pb0..2Pb0. 

Classification of “ixide"^ - ho vn in rue loliowing table. 

Oxides 


Acidic Basic Amphoteric jNeutial Per Mixed 

Acid, base and salt in tbe light of Arrhenius theory of electrolytic 
dissociation : la order to explain some of the characteristics ot the 
electrolytes e.g. acids, bases or salts, Arrhenius put forward tbe 
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theory of electrolytic dissociation. According to this theory, a 
portion of the acids, bases or salts in the fused state or in aqueous 
solution splits up or dissociates spontaneously into positively 
charged and negatively charged smaller particles. The charged 
particles i.e. atoms or radicals thus produced as a result of 
electrolytic dissociation aie called ions and the process of forming 
ions frpm an electrolyte either by dissolving in water or by fusion 
is called ionlsatioo. The positively charged particles are known as 
positive ions or cations, while the negatively charged particles are 
negative ions or anions. The number of charges earned by an ion 
(cation or anion) is equal to its normal valency. The positive and 
negative charges are indicated by + and - s’gus respectively. The 
plus (O sign represents unit of positive charge while the minus 
{-)sign denotes the unit of negative charge. Arrhenius theory 
further states that the Ions formed in solution constantly reunite 
to form the neutral moleciil's and the ionised a»'d non-ionised 
HiOlecules remain in a state of equilibrium Thus, the electrolytic 
diss JciatioD is a reversible process. 

Cation Anion 

Acid— HCl;:iH+ 4 Cl“ 

Alkali— Ca(OH) 2 ^C:a+*‘ +20H- 

Salt— ZnCIg^Zn*-^ 4-2 :r 

SaJt - Al/SOi>3^2Al+^ + 4 3SOr‘ 

It is seen ‘V ^tn the above ^xamples that the number of positively 
charged cdtums and negdivdy cha ged iitjions may be same or 
oifferept. Bt * in .ah tue ^.Sts, th* total vc charge carried by the 
cat,on« IS equal to the net - ve cherge ''arned by the anions. 

Discussions' on acids, ba<>es and sails in the of electrolytic 
dissociation 

Acids: aciJ is a hydro^icn-* oniai/un^f cowound which when 

Jissidvcd in water dissociates ro phJu.c h\ hui^cn lOhs {H^) as the 
only positive ions or * ctionf, Lxam 'cs arc : 

Aud Cation An^oa Acid 

iK\ ^ ir * Cl- HpSO, 

HNOj ri 4- NOr n2CO, 

CH^COOH ( M3COO* H3PO4 

(ac.MAte ion) 

It may be mentioned here that a i ,drogen ion m aque /iis solution 
does not e<ist as the Mmplc ll^ 10 a but it p'-odoces hydroxonium 
iwn (HjOV by unitiu£' with c moi^cule of watei. 

But for ordinary purposes, the hydration of hydrogen ion is 
often ignored and H*** is used. All characteristic properties of an 
acid are fully dependent on the hydrogen ions it produces. Thus 


Cation Anion 

4 . SOr- 
2}V - COj-‘ 

^ Ui- PO 4 - 
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water-free pure hydrogen chloride (HCl) shows no acidity because 
it contains no ions. 


Again, the basicity of an acid is the number of hydrogen ion or 
ions which can be produced by one molecule of the acid. 


Acid 


Basicity 

Hydrochloric 

HCMH++C1- 

1 (monobasic) 

Nitric 

HNOt^H++NOs- 

1 ( .. ) 

Acetic 

CH,COOH^H++CH,COO- 

1 ( .- ) 

Sulphuric 

H,S04^"2H++S0r“ 

2 (dibasic) 

Carbonic 

HaCO,^2H+4CO, - 

2 ( ,. ) 

phosphoric 

HaP04#3H++P04-— 

3 (tribasic) 

Phosphorus 

H.PO,?^2tI+4HPOr- 

2 (dibasic) 


It is clear from the table given above that basiciiy of an acid is 
not necessarily the number of hydrogen atoms present in one 
molecule of it. Acetic acid, having four hydrogen atoms in its 
single molecule is only mono-basic. Three of the four hydrogen 
atoms are so combined as to be incapable of ionising. Similarly 
phosphorus acid having three hydrogen atoms per molecule is 
dibasic. An acid is generally said to be polybasic when a molecule 
of it produces more than one ion in aqueous solution. 

Strong and weak acids : The acids are divided into two classes 
depending on their tendencies to ionise. 

The acids which are highly ionised in aqueous solutions giving 
large number of hydrogen ions are known as strong acids, HCl, 
HNOa, H 2 S 04 are examples of strong acids as the three acids, ionise 
almost completely in dilute solutions. On the other hand, the acids 
which in dilute solution produce small number of hydrogen ions arc 
termed as weak acids. In other words, in the case of a weak 
acid, the ionisation is only slight and the major part remains as 
undissociated molecules Acetic acid is a weak acid for it about 
0-4%ionised in water solution. 

CHgCOOH^H*^ -f-CHaCOO- 
For thousand molecules 996 4 4 

Carbonic acid ^HaCOo) is also another familar wei5k acid. 

Bases : A base is a compound which when dissolve i in water 
ionises to yield hydroxyl Urns (OH ' ) as the only nef^ativejon or anion. 
Base Cation Anion 

NaOH -h OH“ 

Ca(OH)a ^ + 2011- 

NH 4 OH ^ NH 4 ^ f OH- 

The characteristic properties of the aqueous solution of a base 
(alkali) are due to the OH ions released from it. 

Again, a base may be defined as a substance which can combine 
with hydrogen ion H*^ (aq). During the formation of salt and water 
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by the interaction of an acid and an alkali, ions of the acid and 
OH" ions of the base take the active part and produce undissociated 
molecules of water. 

HMCl -L Na^+OH; ^ Na++Cr HbO 

acid base salt water 

In short, we may say that an \cid is a producer of while a 
ba<^e is that of OH" ip aqueous solution. 

The acidity oj a base is tne number of hydioxyl ion or ions 
produced from one molecule of the base on ionisation. It may also 
be considered as the number of ions that cin be accepted by one 
molecule of the base Accordingly, the acidity ofNaOHislie. 
It IS mono acidic ba«e. The acidity of Ca(OH)0 is 2 

Strong and weak alkalis : The alkalis which are histhly 
dissociated m aqueous solution to produce large amount of (OH)" 
ions arc called strom alkalis Examples are NaOH, KOH etc 

Again, an alkali is said to be weak when it is slightly ionised 
in water and the m ijnr p irt of it exists ciS undissociated molecules 
Ammonium h>dro> ide (NH4OH) is a weak alkali 

New ideas about acids and bases It is known that a'*hydrogen atom contains 
only one p oton m us nucleus and just one electron outside the nucleus If this 
single election becomes detached the neutral hydrogen atom is ev dentiy converted 
into 1 hydrogen ion (U** > wbicli is nothing but a bare hydrogen nucleus or a 
proton 

H-e vH-* ^e-Ucctron) 

On the ba«'0 ol tin B omled .»nd f oury advanced Ihf* rn'tomc concept for 
acids uid s Atcoidinp to them an and is 1 subs! into which has the tendency 
to give up a pioton 1 c aits as r proton donor and a base is i sub taoce which has 
the tendency to take up a proton 1 4 ails a a proton acccptoi 

One of the signi*icinl re«i Its of thi'i conct it is that a ntidnl m ilecuV as well as 
an loi cn pos es acidic or b isk v naracic” in s dull n I'^eiaikd c ussions ab ut 
the Pi » on liausfcr ihtoij a c not gi\cnas iK stiiccot at In'* hiKliei secondary 
level ucwd not consider it 

C iiisuleriM: dll thL cr^ c I * pi def" 1^ < a of an 

acid I ja\ gi r ) j 

An IS nj vh ^ d s u i aMing 

hyd*- j IS If* > kS ' >n ' pi 1 \ I'll c.< s hvdrc'gcn 
atoTi I ^* ) j w V u t ib » H metal >r a nictal- 

likc riiicii, Hits c rtau* iiuta's to p » iucc hvdu>pcii ^urus 

blue 1 1mu<' s >i q n , 1 1 v >es re 1 wdt* hisw,> to piodacc 
sdlKPi \ I ^ Wai ’• no to I I iior 

SaiU : r * s i n i i h i t |ui ojs sol iTio^ r in p oduco; 
othei po . n 3*»J 'tg^i'cion jit ^.dd tioi. tt 11 + and OH 10ns is 
cl salt 

A normal salt IS fo.rticd when all the H** of ai acid j> replaced 
by equivalent number of metallic or mctal-like positive ions. In 
other words, a normal salt is a compound which dissociates in 

12 
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solution into positive ions (cation) 
ions (anion) other than OH~ ions. 
Normal Cation Anion 

Salt 

K*SO« 2K+ + SO«-» 

ZnCl, Zn^* -I- 2C1- 


other than H'*' ions and negative 

Normal Cation Anion 
Salt 

NaNO# ^ Na+ + NOs" 
Na»PO« 5 * 3Na+ + POr* 


Acid salts or bi-salts ionise in solution into metallic ions 
' (including NH 4 '^) and negative ions, the latter being capable of 
further ionisation to yield H** 

NaHSO* Na+ + HSO*’ Na+ + H+ + SO*” 
BMCO 3 K+ + HCO,- ^ K.+ + H* + CO 3 -- 


* - Salts in which the OH~ ions together with positive metallic ions 
,'and negative ions are present are known as basic salts. 

/OH 

Pb< Pb+*(OH)-NO,“ 

^NOa 

Hydrolysis : Hydrolysis may be regarded as a special type of 
double decomposition when a compound is split up by water either 
completely or partially producing new compounds. For example — 
PCls+SHeO^-HaPOa+SHCl 
Na 8 C 03 + 2 Ha 0 2Na0H+H8C03 

NH 4 a+H 30 NH 4 OH+HCI 


It is expected that the aqueous solutions of normal salts should 
always be exactly neutral in reaction. But in many cases solutions 
of such salts are found to exhibit either acidic or alkaline character 
to litmus. Thus, a solutiou of the normal salt sodium carbonate 
is alkaline and a solution of ammonium chloride acidic. Tnis is due 
to the fact that when sodium carbonate is dissolved in water, a 
portion of the salt is decomposed by the solvent to produce sodium 
hydroxide (base) and carbonic acid. The solution is alkaline because 
NaOH is a strong base and HgCOs is a weak acid Similarly 
ammonium chloride in aqueous solution reacts acidic as it partly 
decomposes to form hydrochloric acid (strong add) and ammonium 
hydroxide (weak base). 

Such a process of decomposition of a neutral salt by wafer with 
the partial formation of the add and the base from which the salt is 
obtained is known as hydrohsis of salts. The resulting salt solution 
reacts acidic or alkaline according to the acid or base being relatively 
strong. Hydrolysis of salts may be regarded as the partial reversal 
of ncutrali'^atlon. 

In the light of ionic thcoiy or electrolytic dissociation, we can 
consider that this process occurs as a result of interaction between 
the ions produced from ihe salt and the i ms produced from slightly 
ionisable water. The acidity or alkalinity of the solution of a salt 
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is due to the unequal ionisation of the acid and the base formed 
during hydrolysis. 

Three types of salts mentioned below undergo hydrolysis. 

(A) Salt of a strong acid and a weak base : Ammonium chloride 
is a salt formed from the strong acid» hydrochloric acid and the weak 
base ammonium hydroxide. Its solution is acidic in reaction. When 
dissolved in whaler, the salt dissociates completely into NH 4 '*’ and 
Cr ions which interact with the ions (H+ and OH“) produced by 
the slight dissociation of water and yields highly ionisable HCl and 
almost undissociated ammonium hydroxide. 

NH 4 Ci ^ NH 4 + + Cl- 
HjO + OH- 

‘NH4Cl-t 

In this esse, actually the cation of the weak base e.g. ammonium ion 
formed on dissociation of the salt reacts with water and withdraws OH*' ions 
pi >duced from water with the formation of unionised NH|OH. The solution reacts 
acidic as it contains excess of ions 

NH 4 + + H 4 O 5=5 NH 4 OH + H+ 

Acidity of the solution of ferric chloride or aluminium sulphate 
can similarly be explained. 

FcCla + 3C1- Al4(S04)8^2Al+*+3S04-2 

3H»0 3H+ 4- 30H- 6H205±6H++6(0H)- 

FeCla+SHaO Fe(OH)3>3H^ Alp(SOj8+6H,0?i:2Al(OH)a 

+3CI- +6H++3S04-* 


Fc(OH )3 is a weak base while HCl is a strong acid which remains 
in solution as H'*' and Cl* ions. Al(OH )3 is a weak base but H1SO4 
( 2 H^+S 04 “) is a strong acid. 

(B) Sait of a strong base and a weak acid : Sodium carbonate 
is a salt produced by the reaction between a strong base (NaOH) 
and a weak acid (HaCOs). Its aqueous solution reacts alkaline. 
When dissolved in water, soilium carbonate ionises completely into 
Na+ and CO 3 "* ions which react with the ions (H^ and OH") 
produced from slight dissociation water. As a result, sodium 
hydroxide and carbonic acid are formed in solution. Sodium 
hydroxide being a strong base remains as Na+ and OH* ions but 
the weak acid carbonic acid remains practically in the form of un- 
ionised molecules (HgCOa). The solution reacts alkaline as it has 
excess of OH” ions. 

NUftCOs ^ 2Na"-t- CO3 - 

_ _2H,0 * '’OH- 

Na'BC 03 -|- 2 H 3 d 2Na'^-fiOH“+HBC03 


Actually, the anion of the weak acid i.e,, CO*”* ions formed on dissociation of 
the salt react with H*** ions ptoduced from water forming undissociated weak acid 
(H*COa) and leaving excess of OH“ ions in solution. So. the solution becomes 


alkaline. 


COr* + 2H,O^HjCO. + 20H; 
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Due to hydrolysis, the aqueous solution of potassium cyanide 
(KCN) which is a salt of a strong base (KOH) and a weak acid 
(HCN) reacts alkaline. 

(C) Salt of a weak acid and a weak base : A salt of this type 
undergoes rapid hydrolysis producing the weak acid and the weak 
base from which the salt was obtained. The resulting solution 
in this case may be acidic, alkaline or even neutral depending 
upon the relative tendencies of ionisation of the acid and the base 
formed. 

Hydrolysis of ammonium acetate ; — 

CH3COONH4 ^ NH4+ -f CH3COO 
H2O 4 - OH- 

CH3COONII4 4- NH4OH4-CH3COOH 

As both ammonia and acetic acid are equally weak, the solution 
of ammonium acetate in water inspite of hydrolysis remains neutral. 

Hydrolysis of ammonium carbonate : 

(NH4), CO3 ^ 2NH4^ 4 - C03“2 
2 H 30 ^ 2 H+ 4 - 20 H- 

(NH 4)3 COa 4 - 2H3O 2NH4OH+HPCO3 

Ammonium carbonate hydrolyses in water to produce HpCOa and 
NH4OH, both of w hich are weak. But the solution reacts slightly 
alkaline, since ammoniun) hydroxidt* is stronger than Cuubonic acid. 

Hydrolysis of ammonium form'He : 

HCOONH, t H ,0 ^ IICOOH (formic acid}-' 

The resulting solution is slightly acidic as ammonium hydroxide 
is weaker than formic acid. 

N, B. ( 1 ) When a soJution of sodium carbonate is added to a solution cf 
alumiiiJUTi chloride (or feme erdonde , the carbonate ot aluminium (or won) 
is never for med but its hydroxide is prccipiutU'd with the cvoluiion of Cdihon 
dioxide. This is due to the f.ict that aiuminium chloride lOr ItriK' chloride) 
sutTers hydrolysis pioducing h^dro>i«te and fjcc H+ ions that decompose the 
carbonate into carbon dioxide. 

( 2 ) It is to be remembered that whr*!! a ^alt of a stroma acid ar J a strong 
base such as sodium cMoruic Crsolved 111 water, the salt does not hydudy^e 
and the s lt-soluiicn is found utuvra! in reaction. Sodiom chloride CAi>ts in 
aqueous Sidution as 

Naa Na + Cl" 

Tf these two ions W'‘re to ^ea.t v itb wa*cr, thr products uonld be hydrothloric 
add aid sodium hydroxide. Both the pirdutts bcin^ strong elecoolytes would 
dissociate into sodium 10ns ar»d chloride ions and the hyCiopen ano the hjdroxyl 
ions would rccombme to produce water, Thu*-, there will npt be any excess of H'* 
or OH“ ions to give rise to acidity or alkalinity m the solution. 

Equivalent weights of acids, bases and salts : 

Equivalent weight and gram-equivalent of an acid : The equivalent 
weight of an acid is the number of parts by weight of it which contains 
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1 part (correctly 1008 parts) by weight of replaceable hydrogen. 
Again, the basicity of an acid is the number of replaceable hydrogen 
atoms the molecule of the acid contains. So, the equivalent weight 
of an acid can be obtained from a simple relation stated below : 


Eq. wt. of an acid— 


Mol ecular wei ght of the acid 
Basicity ot the acid 


36 5 parts by weight of HCl contain 1 part (H^l’OO) by weight 
of replaceable hydrogen e.g. the basicity of the acid is 1. 

Eq. wt. ofHCl=r-i^^36-5 


Similarly, 98 parts by weight of HbS 04 contain 2 parts by weight 
of replaceable hydrogen i.e. basicity of the acid is 2. 

98 

Eq. wt. of sulphuric acid— ^ 

According to the ionic theory the equivalent weight of an acid is defined as the 
weight of the acid that gives I 00 part by weight ol hydrogen ion (H+) in aqueous 
solution. 

HCl Cl“ 

36*5 1 

30* 5 parts by weight of hydrochloric acid produce 1 part by weight of 
Therefore, 36 5 is the equivalent weight of hydrochloric acid. 


Equivalent weight (of the acid) when expressed in grams is 
called the gram-equivalent weight or simply gram-equivalent. Thus, 
a gram-equivalent of an acid is that weight of it which contains I'OO 
gram oj replaceable hydrogen. The gram-equivalent of an acid 
equals its gram-molecule divided by its basicity. Thus 

Gram-equivalent of nitric 63 gms. 


Equivalent weights and gram-equivalents of some adds : 


Acid 

Molecular 

weight 

1 

1 Basicity 

i 

1 

Fq. wt. 

Gram- 

equivalent 

Hydrochloric (HCl) 

36‘5 

i 1 

1 1 

' 36-5 

36*5 gms. 

Nitric (HNO,) 

63 

1 1 

1 

63 

Sulphuric (HiSO«) 

98 

2 ! 

49 

1 

49 

Phosphoric (HsPOO 

98 

3 1 

1 32-67 

32-67 „ 

Acetic (CH.COOH} { 

60 

1 

60 

60 

Oxalic (H.C. 04 . 2 H/>) j 

126 

2 

63 

63 .. 
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Eqalvaleot weight and gram equiTalent of a base : The equivalent 
weight of a base is the number of parts by weight of it which neutralises 
completely one equivalent of an acid. Again, the acidity of a base 
(alkali) is the number of equivalents of an acid which can just be 
neutralised by one molecule of the base. In other words* the 
acidity of a base is the number of repUceable hydroxyl groups 
contained in its single molecule. So, the equivalent weight of a 
base may simply be expressed as 


Ea wt ofabase-— — 
iiq. wt. Of a base- ^ 


Equivalent weight of a base expressed in grams is known as Us 
gram-equualent or gram- mole. 


Gram-equivalent of a base^- 


Gram-nplecular ^ of the base 
Acidity ot the base 


Example : 

NaOH+HCl-NaCl+HaO ; CaO + H 8 S 04 -CaS 0 j+lL 04 
40 36-5 56 98 


40 parts by weight of sodium hydroxide neutralise 36’5 parts 
by weight (or one equivalent) of HCl. 

Therefore, acidity of NaOH is 1. 

/. Eq. wt. of NaOH=^^^| ^ =40 and its gram-equivant is 

40 gms. 


Similarly, 56 parts by weight of CaO completely neutralise 98 
parts by weight (or two equivalents) of H 8 SO 4 . Therefore, acidity 

ofCaOis2. Eq. wt. of CaO =^f= 28 and its gram-equivalent 

is 28 gms . 

The equivalent weight of an alkali may also be defined as the 
weight of it which contains 17 parts by weight of replaceable 
hydroxyl group and can simply be expressed as 


Eq. wt. of an alkali= 


Mo l, wt of the alkali 
Acidity of the aikdii 


Mol, wt . of the b ase 

Number of (OH) groups present in the alkali 


Eq. wt. ofCa(OH)g= 


40+2xl7_74_„ 
2 2 
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EqaivaleDt weights and gram eqaivaleots of some alkalis : 


Alkali 

Mol 

Acidity 

1 

E 4 . wt 

gm equivalent 

Caustic boda NaOH 


mm 

40 

40 gras. 

Caustic pola>h, KOH 


■ 

56 

56 .. 

Calcium hvdroxfde. Ca(OH)| 



37 

37 

Ammonium hydroxide 

NH4OH 


■ 

35 

35 .. 


In case of a basic oxide, the equivalent of it mav be expre-sed as follows 
Eq wt of a basic ox.de _ ** oftheo.idc 


Number of atoms of the metal > valency of the metal 


Equivalent weight and ^rram eqonalent of a salt (Normal) 3 

Tne egunaJent weight of a soli IS the part by neight of it y^hich 
contains one equixalent of the constituent metal or the radical 
equivalent to a metal 


It can be known from the simple relation stated below. 


Fq. 


wt of a salt— 


Mo l wjt^ of the salt 

loTal number ot metal atoms x vaienty ol me metal 


In sodium chloride, NaCl (23't 35 5) or 58 5 parts by weight of 
the salt contain 23 parts by weight (one equivalent) of sodium. 
Hence, equivalent weight of NaCl -58 5 Similarj>, (40 f 12H 48) 
orlOOpaits by weight cf calcium carbonate CaCOg contain 40 
parts by weight or t’O equivalents of calciiinj / Eq wt. of 
calcium caibonate- 100 7“-:30 The equivalent weight if expressed 
in grams will give the gram equivalent of the salt 


Equivalent weight of st me salts : 


1 

Salt 

I 1 

Mol wt 1 

I 1 

Number of 
metal atoms 
> valency 

1 1 

Eq. wt. 

Sodium carbonate, NaiCOg 

1 ! 

2> 1 

1 

106-^2=53 

Aluminium sulphate. AVSO 1 I 9 | 

1 342 

2X3 j 

342-6= 57 

Barium chloride, BaCh, 2HiO 

244 

1x2 

244-2=122 

Copper sulphate, CuSO^, 5HgO | 

249 5 

lx*. 

249 5-2-12475 

Silver nitrate, AgNOs 

170 

1 

ixl 

1 

170 
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The equivalent weight of a salt (such as a carbonate or a bi-carbonate) v^hich 
reacts with an acid can he calculated as follows. The weijiht of the salt in grams* 
which neutralises one gm-equivalent of an acid is referred to as the gm-equtvalent 
of the salt. 

NasCO. H- 2HC1 =2NaCl -I- CO. + H.O 

106 2x1 gm-equivalent 

NaHCO, 4 HCl «NaCI f CO. 4 H.O 

84 1 gm-equivalent 

£q. wt. of Na.COs and NaHCO. are 53 and 84 respectively. 

SolotioDS and their concentrations or streisgths ; The strength or 
concentration of a solution indicates the weight of a substance 
(solute) present in a given volume of the solution. It can be 
expressed in various ways. A solution which contains a known 
weight of the solute dissolved In a known volume of the solution is 
called a standard solution^ Therefore, a standard solution is a 
solution of known strength or concentration. 

Normal solation : The normal solution of a substance is that 
solution one litre (or 1000 ml) of which contains one gram- equivalent 
of the snhstance. 

The gram-equivalents of HCl, NaOH are 36*5 gms. and»40 gms. 
respectively. So, the normal solution of hydrochloric acid contains 
36*5 grams of HCl per litre of the solution. When 40 gms of 
NaOH are dissolved in one litre of distilled water, the resulting 
solution is a normal solution of caustic soda. A normal solution is 
indicated by IN or (N) solution* 

/. One litre of (N) HeSO* shall contain 49 gms of Hi»S 04 

„ (N) KOH „ „ 56 „ „ KOH 

». ff ,9 (N) Na2C03 53 NagC.03 

„ (N) AgNOa „ 170 „ „ AgNOs 

Strength of solutioiis in terms of normality : Normality of a 
solution denotes the number of gram-equivalents of a solute present in 
one litre of the solution. Thus— 

^ j. _ Number of gm-equivalents of solute 

orma l imcb ol solvent (or soluuon) 

The normality of a solution is 1 (or the solution is IN) when 
it contains one gram-equivalent of the solute per litre. If one 
litre of a solution contains a quantity which is a multiple or a 
fraction of one gram-equivalent of the solute* the strength of such 
a solution in terms of normality is expressed in the following way. 
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Quantity of 
solute per litre 


Name 


Normality of 
the solution 


1 gm-equivalent 

Normal 

IN 

or 

N 

1 



3 goi-equivdleotB 

Three normal 

3N 



3 



J gme-equivalent 

Semi normal 

1 

N 

1 2 

or 

0 5N 

J 

2 

or 

t5 

gm-equivalent 

Deci normal 

t 

lo 

or 

OIN 

1 

10 

or 

01 

gm-equivalent 

100 

Cent! normal 

N 

100 

or C OIN 

1 

loo 

or 

001 


I litre of 3N H|jS04 solution will contain 49 x 3 or 147 gms 

of H,S04, 

I „ „ 2NNa2COT „ „ „ 53/ 2 or 106 gms 

of NagCOa 

N 1 

„ „ „ yQHjS04 „ ,, 49x j^or4-9gms 

ofH,S04 

N 1 

>> 99 loo ** ** 53 X or 0 53 gm 

of NagiCOs 

ff i9 If HOI 99 99 99 36*5 V or 36 Sx 

gms of HCl 

In volumetric analysis, nonr * and decinormal solutions are usually used. 

Molar Solution : A molar sointion of a substance is that solution 
one litre (or 1000 ml) of which contains one gram-molecular weight 
or gm-molecule (or 1 mole) of the substance. 

One gram^molesular weight or one gm-mulecule of H^SO* is 

98 gms» 

>■ » „ M .» « „ of NaOH is 40 gms. 

One litre of H2SO4 solution which contains 98 gms. of HeS04 is 
called the molar solution of the acid. A molar solution of NaOH 
will contain 40 gms of NaOH per A molar solution is re- 

presented by M. 

Strength of solutions in terms of molarity 3 Molarity of a solution 
is defined as the number of gm-molecules or simply moles of the solute 
present in one litre of the solution. 

The molarity of a solution is 1 or (the solution is 1 M) if it 
contains one gm-molecule of the solute per litre. A 2M solution 
of a substance shall contain two gm-moiecules of the substance 
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in one litre, A O'lM solution means a solution one litre of which 
contains one tenth of a gm-molccule ot the solute. 

Molarity (M)- g m-molec ules of s ol ute 

JM umbel ot lures ot solvent (or solution) 

N B. It 19 clear that there is no difference between a molar and a normal 
^lutiOD of d Mibst tiicc the gm-molccule of whkh is identical wiih its gm-equivalcnt. 
Thus, tje concentration ot the solution of HCI, HNO„ NaOH. oi KOH is the 
saine_ both m terms ol normality and molarity But the concentration of ihe molai 
solution o' each of the substances l.ke HjSO,. Na.C O,, Ca^OH;, will be twice the 
concentration expressed in the terms ot normality. 

Formal solutian : With a view to ^.xpreSsSing the strength of 
soLjtions of certain substances, it ht >5 now been preferred to use 
formal concentration or formality denoted by F. 

A formal lolotion of a substance is that solution one litre of 
which contains one gram-formula weight (le. formula weight 
expressed in grams) of the substance and formality of a solution 
represents the number of gm-formula weights of a solute present in 
one litre of the solution. 

• Formalitv— giam-formula weights 
^ Vol. of solution m litTis 

A solution is said to be IF or F when it contains one gm-for- 
mula weight of the solute per litre. ^ 

There arc many strong electrolytes which actually do not exist 
in the molecvdar forms. They ionise completely in aqueous solution 
and remain as ions even in the solid state. Salts like NaCl, ZnCJj, 
KNOj etc. belong to this class. A NaCl solution does not contain 
NaCI molecules but contains only Na'*’ and Cl” ions. Again, in a 
solution of barium hydroxide [B8(OH)e 2 H 2 O], there is no moltculc 
which corresponds to the formula Ba(OJl)g 2HcO. Sodium carbo- 
nate (NagCOa) when dissolved in water produces OH" ions, due 
to hydrolysis. The solution-concentration of such substances is 
expressed logically in terms of formality. Its advantage over the 
molarity and normality is that it expresses the oveiall concentration 
of a solution without commitment as to the ionic or molecular 
species present. 

One litre of (F) NaCl solution will contain 58*5 gms of NaCl 
.. „ .. (F)Ba(0H)p2H20 „ .. 207 „ „ 

Ba(OH)8 2 HbO 

A formal solution appears to be the same as the molar solution. But one should 
clearly understand the difftience between the two. It the formula of a solute is the 
same as its correct molecular formula representing the molecules actually present in 
the solution, then formality and molarity become ident<ra]. Thus, O-lF solution 
of glucose having the molecular formula C«H,tOe is ihe O IM solution. But 0*1F 
solution of NaCl cannot be regarded as its O IM solution. It is preferably stated as 
0*1M in Na*^ ions and 0*1M in Cl’ ions. 

Molai solution has not been included in the Higher Secondary Syllabus ot West 
BeogaL 
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Molality and molal solution : Sometimes, the concentration of 
a solution is expressed in terms of molality which is the number of 
moles of the solute dissolved in lOLOgms ot the solvent. A molal 
solution of a substance is that solution which contains one mole of 
the substance per lOCO gms of the solvent. The letter m is used to 
denote a solution which is one molal. 

The strength® of solution are also eyptessed by the following ways. 

(A) Percentage strength : The percentage strength of a 
solution is the number of grams of the solute piesent m iCO ml of 
the solution. Thus, a 5% NaOJI solution means a solution 100 ml 
of which contain 5 gms of NaOH. lu a 10% UNO, solution, 10 gms 
of HNO3 are present in 100 ml of it. 

(B) strength in feims of gms/litre : The stienpih may also be 
denoted by the number of gms of the solute dissolved in one litre 
or lOOO ml of the solution. Thus, when one litre of NaOH solution 
conrains 10 gms of the solute, the strength of the solution is said to 
be 10 gms/litre. 

Conversion of one strength into another : 

(A) Per cent strength to normality : 

100 ml of NaOH solution will contain 5 gms of NaOH 

. • JOv.0 ml j, ,, ,, ,, ,, 5 X 10 gms of 

NaOH, 

By definition, a normal solution of NaOH is one which contains 
40 gms. of it per litre of the solution. 

Thus, 

40 gms of NaOIl present in 1000 ml give IN NaOH 


50 


10 , 

40 


N 


or, 1-25 NaOH 

When the percent strength x f a sotution is A, its strength in 

terms of noimality x — r— 

gm-equivaieut of solute 

(B) From normality to gms/liire : 

Amount of solute present per litre of IN soln=l Xgm- 

equivalent of solute 
(as ptr definition) 

M 2Nsaln.-=2xgm- 

equivalent of solute 

» n „ solD=^^oXgm- 

equivalent of solute. 

Weight in gms/iitrc=Normalityxgra- equivalent. 

Normality can be obtained cn dividing the amount of solute in gms/litie by 
gm-equivalent of the solute. 
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Acidimetry and Alkalimetry : 

Neutralisation : Acids and bases are opposite in their chemical 
characteristics. As soon as an acid and a base come in contact 
with each other, they react to produce salt and water. When 
equivalent quantities of an acid and a base in aqueous solution are 
mixed the resulting solution usually becomes neutral due to the 
formation of neutral salt and water. Such a reaction is called 
neutralisation. 

Generally, neutralisation means the complete combination of the 
replaceable hydrogen (H) present in an acid with the oxygen (O) or 
hydroxyl groups (OH) present in a base (basic oxide or hydroxide) 
forming neutral water and a salt. 

Obviously, the acid and the base involved in the process of 
neutralisation must be in equivalent quantities. 

HCl+NaOH=NaCl+HaO ; CaO 4 -H 2 S 04 =-CaS 04 f H.O 

According to the ionic theory, neutralisation is the process in 
which the hydrogen ions. (or hydroxonium ions, HaO*^) of the acid 
and the hydroxyl ions, OH~ of the base interact to form undissociated 
molecules of water. A neutral salt is produced at the same time. 

+ OH- -V HgO 
(or, I- OH' -V 2HaO) 

HCl- + NaOH 

11 11 

H+-f Cl* + Na"+OH- ;;± Na^+Cl'+HaO 

Indicators : In volumetric analysis, certain chemical substances 
are used, which essentially by change of their colours or otherwise 
indicate the end point or completion of a chemical reaction. Such 
substances are called indicators. 

Various types of indicator are known. 

The chemical substance which by change of its colour determines 
the end point of neutralisation or the moment of completion of a 
reaction between an acid and an alkali is known as the acid-base 
indicator^ neutralisation indicator or hydrogen ion indicator. 

An indicator of this type changes its colour according to whether 
the solution is acidic, alkaline or neutral. For example, 

Litmus is an ucid-base indicator. It is red in contact with an 
acid solution, blue in alkaline solution and purple or violet in a 
neutral solution. So, it can indicate the acidic, alkaline or neutral 
character of a solution to which it is added. Methyl orange and 
phenolphthalein are two acid*base indicators which are often 
used. Their colours in acidic, alkaline and neutral media are given 
here. 
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Indicator 

Colour in 

! 

Colour in 

Colour in 

acidic soln. 

alk. soln. 

neutral soln. 

Methyl orange 

Red or pink 

Yellow 

Orange 

Phenolphthalein 

i 

Colourless 

Pink 

Colourless 


It is to be noted that an indicator generally does not influence 
the progess of a reaction. 


Selection of indicators: Use of indicitors in studying the 
neutralisation reactions is pracMcdliy inJispensabte ami as such the 
selection of a suitable indicator to determine the correct end>point 
of a reaction is of pnmary importance. The choice of acid-base 
indicators depends on the strength of aci is and bases taking part 
in neutralisation i.e. on the acid, alkaline or neutral chancter of the 
solution of the salt after neutralisation We know that in a 
neutrali\ation process, equivalent aniouiils of an acid and abase 
react completely t> produce salt and water But the resulting 
solution of the salt thus formed may or may not be cxictlv neutral. 
On the other hand, the soltilion of the sa t as a result of hydrolysis 
maybe cither slightly acidic <» alkaline Ncufrahsati »n involving 
a strong base and a weak acid (sa\ (CH^COOH ) NaOH) results 
m the formation of a salt which suffer hyd^-ol^^iis ;*vipg ^slightly 
alkaline solution at the end point in <'uch i vtise, pi nolpthalem is 
the suitable indicator as t chani’^* s colour m all*, a me solution. 
For the similar rccison, ueu^raliui* >u • stionu a* o by a wef»k 
alkili gives a slightly icidi. ♦ ibunn cp t’u c> J p w Here, methyl 
oringc IS a good induato; as it cf it ‘o’ >»jr lu * die duti »n 

The soil formed IS a ro* ult o< neut' h.,ati’*n ax s* ong acid 

<v strong alkjih ilv^ts n t .ao uo* a ^ >d hence its 

squeouj s dution i* * c » d pcuuM** i'aclK le i indicator 

cm be td m sue’ a i 


Strcn)t»th of iliU 'md b'a* 

tc be used 

invi'iNv'd in neutiah^ .1 ^ 


1 Strong acia— stsjni 

Ally ital %.aU)‘ 

eg, NaOH FI Id 


2 Strong acid- weal' 

MMIivj orange 

eg H.S 04 ^ 0 I 


3. Weik acid-strons a\ 

Pnciiolphth ilwiii. 

eg CH3ri)OH+NaOn 


4. Weak acid — we k hise 

"No suitable indicator. 


N B. At this stage, it is not possible to discuss in detail the chemical nature 
of the indicators anJ the principles on which their selection is based In selectiiig 
an indicator, the following points are to be taken into account. 
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(!) To determine the end point of a neutralisation reaction, litmus Is not 
generally used. This indicator is not at all used in the acid-base reaction which 
liberates an acidic oxide (Such as carbon dioxide) as one of the products. Methyl 
orange can be u ed in this case. 

(2) If ammonia is evolved during the reaction between an acid and an alkali, 
phenolphthaiein should not be used. 

^ If phenolphthaiein is used as an indicator during the neutralisation of 
rodium carbonate with a strong acid like HCl or HsS 04 Jt becomes colourless 
<1 e. pink colour in NaaCOs solution disappears) when only half of NaaCOs is 
neutralised. This is due to the fact that the reaction between NaaCOa and a strong 
acid takes place m two stages. In the first stage, NaaCOs is converted into 
NatlCOs alkalinity of which is not indicated by phenolphthaiein. In other words, 
NaHCOa solution is not alkaline to phenolphthaiein and as such it changes its 
colour troffl pink to colourless. 

NaaCOs + HCl = NaHCO, + NaQ 

By using methyl orange, the end point of neutralisation of bicarbonate can be 
determined. It is found that the volume of the acid requl'ed to determine the 
end point of the first stage (using phenolphthaiein as the indicator) is equal to the 
volume of the acid uecessaiy to complete the neutralisation (using methyl orange). 

Distinction between nentralisatlon and hydrolysis. 


Neutialisacion 


1. Neutralisation is a re- 
action involving the union of 
ions of an acid and OH' ions 
of afa alkali to form undissociated 
water when both the acid and 
Rlkali are in equivalent amounts. 


2. In neutralisation, the 
Rcid and the base arc the 
reactants while the salt and water 
are the products. 

3. The process of neutralisa- 
tion takes place irreversibly. 

4. Any acid and base can 
take part in neutralisation. 


Hydrolysis 

1. Hydrolysis is a special 
type of double decomposition 
in which water in addition 
to its function as a solveat splits 
up a neutral salt partially to 
form the acid and the base from 
which the salt is derived. In 
short hydrolysis is a partial 
reversal of hydrolysis. 

2. In hydrolysis, the salt and 
water aie the reactants and the 
acid and the base are the pro- 
ducts. 

3. The hydrolysis is a 
reversible process. 

4. All salts do not undergo 
hydrolysis, hor example, salts 
of srr i)g acids and strong bases 
(NaCI, Kb $04 etc ) do not suffer 
hydrolysis. 


Acidimetry : Aodimetry is a process by which the unknown 
strength of an acid solution (i.e. the quantity of an acid in a given 
volume) is determined by neutralising it with a solution of an alkali 
of known strength (i.e. a standard solution) in presence of an 
indicator. 
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Alkalimetry ; Alkalimetry is the process by which the unknown 
strength of an alkali solution is determined by neutralising it with 
a solution of an acid of known strength in presence of a suitable 
indicator. 


N. B. Definitions of acidimetry and alkalimetry, according to some chemists* 
are juat the reverse of what are stated here. 


The experimental procedure of determining the volume of a 
solution of unknown strength or concentration, which is just 
necessary to react completely with a definite volume of another 
standard solution is known as tJration. The titration involving 
neutralisation of an acid by an alkali or vice versa is termed acid- 
base titration. In the process of titration, a stage or point is reached 
when the reaction is just complete. This point is called the end 
point and is usually determined by using an indicator. 


Some fundamental principles of acidimetry and alkalimetry 3 
(A) We know that a normal solution of a substance contains 
one gm-equivaleiii of the substance dissolved m one litre of h. 
Hence, 0I>4 solution and solution will contain respectively 5 gm- 
equivalents and one tenth of one gm^equivalent of the folute per 
litre. 

1 ml of 5 (N) soln.=5 ml of (N) solm=:5Cmi of jV (N) soln. 

1 N 

and 1 ml of (N) soln. ’_10 ml of jq(N; soln.=2ml of ^ soln.~ 

100 ml of soln. 


Thus, y ml, of x (N) soln.v(y ml. of (N) soln. 

ml. of y (N) soln. 

.’. Volume of a given solution is inversely ulated to its strength. 

(B) We know that in neutralisation acids and alkali:> react with 
each other in equivalent amounts. 1 gm-cquivalent of any acid 
will neutralise completely 1 gm-cquivalent of any base. The 
neutralising power of 1 gm-equivalent of any acid is the same. This 
is equally true 10 the case of any al rli 


. 49gmsofHBSC>i 
=40 „ „ NdOH 
~56 „ „ KOH 
„ NaaCOg 
ee35 „ „ NH 4 OH 


40 gms of NaOH 
V 36 5 gms of HCI 
Ji63 gms of HNO3 
= 32*67 gras of HgPO^ 


Again, 1000 ml. (N) acid=1000 ml. (N) alkali 

2000 ml. „ =2000 „ 

10 ml ,, tf - 1^ ff »$ 99 

1 ml. ,, f, 1 99 99 9t 

V ml. ,, V ,, f, ,, 
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/- Solution of an acid and a ba^e of the same strength in terms 
of normality must neutralise each other in equal volumes. 

(C) If Vi ml. of a Si (N) acid solution is neutralised by a 
S2 (N) solution of an alkali, then the volume of the alkali required 
can be calculated easily. 

Vi ml. of Si (N) acid soln.EzViSi ml. of (N) acid soln. 

Let V2 be the required vol. of alkali of the strength 82 (N) 

V2 ml. of S, (N) alkali soln.-VgSa ml. of (N) alkali soln. 

As stated earlier, the solutions of an acid and a base of the same 
normality react in equal volumes. 

-*• ViSi^VjSg or Volume of the acid x strength of the acid^ 
Volume of the aikalix strength of the alkaii. 

This is the most important and fundamental equation in acidi- 
metry and alkalimetry. 

Alternatively, by definition, normality ^ gm-equivalents— weight 
in gms/litre. 

Number of em -equivalents of solute 
Normaility , — ■ — 

^ volumes in hues 

Oi, Number of gm-eqiiivalcnt— Nx vols. in litres 

Now, solutions of two s»b^tanoe« leaoting wjti cao' olhu 
compleiely must contain the same number ot giam-equoMlcnts. 

. . N^rmiliiv ot the solution J Number o*' httei^ Nwimabt) 
of the s dutu-n fix Number of lures. 

When bjdi The solutions are kno .VI stren;dh (v ds exn/i 
in ml/, the ^troducl («f the volume i*tid ''iiength '' I equaK 

ihers. duct ni toe volume ireagih soluuon (I 

if Vi a<ui Vj, ap' the vedunc'’ of ♦h*' t'so soiulio '« vid Sj nui 
Sfi aie tiiei* stiensths m n ^hco 

V.Sj V.S. 

(D) Reduetiou of tret gth dihition • ' r ini ,L f ri.'au’ 

diseiiSsK'us > is fJeu that ;he streratSi or c»» «. »« »aiiou it a 
solutiiM TiU agnv’ wttgh* < f vi ‘ di.j 2. ffw »• , h t i d t<* t' u 

volume of die n. 

or, ^ litre S strciii^t and \ volume) 

S >. if the volume < tJic soU jon . incrMsCii /. th roluiioti 
is dih.vcd, us strengih ts y ^poiuoj.ufHy leduced TvjJt >.)y a 
solution of uj,,heT strength ni y e^siiy he converted to a solut* •n of 
aoy (lesiied but lower strength by diluiion. 

Let 25 ml. of (N) acid solutions 10 ml. of an alkali solution of 
unknown strength. Obviously, the alkaii solution is stiongcr than 
the acid. To reduce the strength of the alkali solution to exactly 
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normal, (2' — 10) i.c. 15 ml of water arc to be added to every 
10 ml of the solution. 

Similarly, 10 ml ot 2 5 (N) solution can be made by dilution 
thus. 

10 ml ol ^ solution s- (10 x 2 5) ml of (N) solution 

N 

250 ml of solution 

Addition ol (250- 10) or 240 ml of water is necessary to 
10 ml of t^e solution 

Ihc \olumr of witer (V^) ^hich must be added to ml of a 
concciit rated ^oluMon of rormalitv to give a solution of 
noimabn cdu be dcr.vcd from the toliowinp relation. 

or\,S V,S, V, S, S.) 

^ V .s, S,; 


Preparation of standard solutions : 

(a) lo prepar< 2*^0 ml of a decinormal or ^ solutiDn of sodium 
carbooaCt 

The t,r<.n -^quivu'ent ot | arc €^nd anb>dioub sodium caibonate 

is 53 gms. 

To pr r-du 1 0 ) 1^1 of olution r£k|iiirpd - 5 1 gas 



or 1 325 gno!.. 

N B li s c\i ciiuiv lilTi u.t oi oi« »iir ss t ' cigh out exactly 
l'323 Liii^ St) lit I JclK^ q idnuty wl uh is k luik Ic s Oj . Imlt moie lhao 
I 326 feiTu IS Li»ri t'lv wo 1 vJ uut inj o» ulviu in 5U t I of waKr 

ProcidiTo . V wci »*Mng boltk conU 'nng some pure anhydrous 
sod Ml p c^rbonuc ao uratcly vvcigoeu in j chtmicil balance. 
A fuauci (hen tlitcil in if t mouth of a nrasuiing flask c f 2^0 

ml eapa^^.u The U is^ anu the u --I aic f or<»ugMy washed with 
distilled wilfi before use No\s a quantity ot hosiium carbonate, 
slightly moic or Ic^s than 1 325 gms is caunoudy transferred from 
the weighing hott*e la the measuring flask through the tunnel. The 
weighing bottle with its residual sodium carbonate is weighed again. 
The dilTcrcncc between the two weights gives the actual weight of 
sodium carbonate taken. The transferred sodium carbonate is 

13 
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carefully washed down into the flask with a jet of little distilled 
water so that no solid particle of sodium carbonate remains 

adhered to the fld&k or the stem of 
the funnel. Now adding a little 
more distilled water, the flask is 
shaken thoroughly till dissolution 
of the solid carbonate is cornplete 
Ihen by gradual addition of water, 
the volume of the solution is 
made upto the mark on the neck 
of the flask indicating 250 ml 
It IS to be remembered that the 
lowest coge of the curved surface 
of the solution must touch the 
maik. 

Now, the flask is closed with 
its stopper and shaken well to get 
a uniform solution 

Fig. 125) Measuring flasks The strength of the Na*CO* 

and weighing hoiile solution prepared 



Let the amount of sodium carbonate actually taken 1 ^850 gms. 
Now, 1*3250 gms of Nd^CO, when present In 250 ml, the 
N 

strength of the solns. is — 


1*3850 gms of NagCOg when present in 250 ml , the strength 

. _1 3850 N 

of the soln. - 

or, 1 0452 


N B It not at all desirable to add water up to the ma^k at a time Water is 
to be added, hrat m small quantities to dis'-olvc the 'ooiuni cat b »n ale taken 
More water is then added to make the volume of the solution just 2'i(j ml 

Factor : lu most of the cases, it is extremely oiflicult or 
practically impossible to weigh the exact quaDiny ot a bubstanco 
(solute) required to prepare its solution of given sirc» gih Usually, 
a quantity of the solute which is a little less or OkOie than the 
required amount is taken 

Thus, in the preparation of 250 ml of -—Na^COa solution descri- 
bed above, 1*385 gms ofNagCOa have been taken insicad of the theo- 
retical weight 1 32c gms. The solution thus obtaineii is a standard 

solution, the strength <Jf which is or 1*0452 Here, 
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1 0452 IS the factor of J^NajCOg solution and the solution is a hit 
stronger than the exact solution 4 gms of caisiic soda per litre 


N 


gives a solution if vre dis’^olve 3 9S24 gms/litre, we get 


N 


10 


NiOH solution 

y 4 0030' 


Thus th factor is th( ratio of tli t oj the sul stai ce actually 

iaken t ) the ihcorttual h ight of it rcqutrccl i » pripan a solution of 
giten strength, 

or, factor 


weig ht of the sub>< incc atti il‘v dissolved 

weight requi cd ro be dissolved to niiicc a solution of gi^n^sTrcngSi 

(b) io prepare a lil^e of approxiniateh solution of sul- 
phuric acid • The gm equiv ilent of s Iphunc acid i 49 gnis To 

prepirc one h*rc of "olut on req nted is 4 9 gnis. 


Sulphuric acid is a h ^11 fvgioc'pic liquid and is not 
obtained in Ihc pure toi ti ffwntr^lly ihc avulabcac d contains 
96 to 9s peiccpt of the pine dCid (by weight) n> it is not possible 
to weigii out 4 9 gins ol tnc acio correctly with tic help of a 
chcmica^ ’^ilinct In this ci e fin the pe^^ific grivity and the 
purity of the at. id ^uppll•*d the volu ne of the cone nt rated acid 
t"h if coni ims 4 9 j.ni> ol the acid is hr t i^ikuialed. 


let the p irity of the iCid supp icd be 97 pciccnt. 

’ c , 97 gins < . puie icid aic p**c eul in lOO gms cf the cone. acid. 


4 9 


)t 9> »» ' 


mo 

97 


or 5 OSl pin» cf the cone, acid 


i ct the densiiN of 97 HgSO* oc i 84 


Now D (denaiiy; 


M ( ms ) 
V (voiuu e; 


1 


M 

l> 


5 OS I 
1 84 


2 74 ml. 


2 74 irlolconc acid will cui jnt 4 9 gms of the pure acid. 
Now 2 8 ml of cone sulphuric acid arc measured out by a measur- 
ing cylinder and poured carefully ^ith shaking into a lure flask 
containing about 500 nil of distilled water The solution is cooied 
and diluted with water upco 1000 ml mark. The solution thus 

N 

prepared is approximately 
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Similar procedure is applied for preparing approximately 
standard solutions of HCl and HNO^ 

The volume of acid to be taken in preparing one litre of 
N 

approximate^ H^SO^ solution can al^o be calculated thus— 

The t oncentrated sulphurit aciJ gene r* lly u^ed in the labora 

lory IS 36N. 

Let the vol. of the acid icquired be « mi, 

then X X ''6N - 1000 y jt 2 8 ml (ncaih 

Thert* are thtmicd whi h are readiK i\ailabk at pure ancit 

dry form Th^ st vnv^ard solulioi oi *ucli ) sub lan c un bt p tpjicd by 
dissolving a known we ght i f il n dc ni e volunic of water The Ptn|.th i»r thic 
solution IS dircao kn >wn anJ remntv umhinccd for a con'll kM’ ic nt nod ul 
time The iMndarl scutum Ihu pr p rtd i kr >wn as a fun /m \ an hitd 
solution and Ihc substances used fur m ik pnin ir\ st mdiid sok i ons c*!!!! d 
priman standi rus Subslantc> iik nhydrous sodti m cirl ndi, o uic aid 
crystals Uc arccommonlv used as primirv standards 

On the other hand, tine ?ie stbtjiccs wr ch art not readily av ulab’c it 
suflFicuntlv pure and anhydrous* s<dU mil ^'annot be iccur itt'v wc th'^d out A 
solution obtained by dissolving a ccit an vvi^lt ^ t'h islIsiuuci nrctbi 
regarded as a sclut on of known s^rerpth In this case, '>n ovrevimn wc ghl 
of the substan t IS dissolved n almost tcdniit volume ot wjf st to viv* a 
solution ot spp cximUe 'trti iib I he ‘■oljtioi ♦! iis prep? <d is subsrqum tv i it ^ d 
with another priniry slind n t ^loluti n to dturmint ns jnualstr Surl + 

standardised so a ion ust d tn voU lu iic r ilysis is I newn as a n o> da ) siordard 
solution and luc sibsianccs used t(» prepm sec md jr> stan aid wil tic ns ac 
called secondary stand irds Sodium n iroxidc, pot^s^^unl Ivlio <Pi sub > iith 
acid, nitiie a^id etc are all secondary sun 

Determination of ibi ntrength of a «*oIuiKn bv titration 
The Mrcrstij ol i sol’Uion ol unknown •^'rergt j teit be drftirupf J 
by titration 1 ’dints a slnciard soidtim ol anou c r ddb' sur 
ancc. The oclails of the p] ^ratu Nuth i p ptUc burette 
wash-boltle, mca uring (I* Ks cti j which arc ctiaiijoniv used in 
volumetric analysis can be Ino^n iiom arv b )ok ou anaiv* .al 
chemistry. 

Determination of exact sfrenelh of an appioximatel} ^ 
solution h} titration with a standard solution of Nust O 

Procidurt A clean ^0 iT»j huretft is w^ishe > ti orouehiv 
at least twice with oistillcd water, i he burcite j> ii en ni with 
a few ml of the acid the ttrength oi which is to he deiti mined. 
Now, the burette IS hlled up 1 cm or so ihovc ihr zent m iik with 
the given acid and the acid ivrunthroigh the t^p till the lowest 
edge of the meniscus touches the zero mark. Care must be 
taken so that no air bubble is left in the liquid inside the 
burette U is then clamped to a stand vertically 
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ll , 

1] I 

...,r 


73 


24 




-^25 


A 25 ml. pipette is washed firbt with distilled water and 
then rinsed with a few ml of the given alkali solution. 25 ml 
of the standard solution of 
sodium carbonate is then 
taken by means of the pipette Bi RF UL 
in a clean beakei. To transfer 
the last drop, the tip of the 
pipette IS toujhed inside 
surface of the beaker. (The 
last drop is never blown out.'i 

The solution is diluted to 
about *'0 iiil with distilled 
water and two diops of 
meth>l or.ingc solution (in- 
licator) are added to this 
solution when it turns ychow. 

The acid soI'Jtion from the 
buretlc ‘s tl*on gradually 
added oropwi'e i > ihc alkali 
solution with conslont ^rirring 
with a class rod until the 
colour )U't changes to pink l-,g TitraPon 

flight r.‘d,. It is the cnd-point oi the titration. Ihc addition of 
icid IS nunieoijiclv stopped and the volume ol the acid used up 
IS lead fiom the btneite. Three titrations au generally done, 
Mkinc 2J) nil ^'l solution each time and the volume of 

the acid in each titration is read The me^n of the three readings 
is taken. 


i I ^SS ROD 

^ K M I 
M I noN 




('aLnloliofi Let the mean of the \oiuncs of * c ccid used up 
three tiiiations be 22'5 mi and the strength of the given 

sodiuvu carbonate si jtum be l’t)2 The sticngth of the 

icid IS then calculated from the relation V^Sj^-V^Sg, where 
V, - vol ol tne acid, strength of the ac'd 

Vj, - , NagCO, soin. Sg- „ NagCO^ soln. 


or S, 


25x 1 02 N 
22 5 10 


or 


1-33 


N 

lU 


N B ti) ll IS mstomar take acid in i he burclh* Taking of alkali in the 
buiette IS noi desirable. 

(ll) It IS advisable t ) btdit rrom tlK' 7ervi mark on the burette. So before each 
titration, the atid level is to be brought to the 7cro mark. 

( 11 M Results of the titiation are dependable when two consective burette 
readings are the same or when they do not differ by more than 0 1 ml. 



198 


GENERAL AND PHYSICAL CHEMISTRY 


(iv) Iddct surface of the burette is washed with the given acid. This leaves it 
wet with the liquid it is to contain and nothing is left to contaminate the acid 
solution when the burette »s hllcd. For the same reason, pipstte is washed with the 
alltalt solution. 


Numerical problems on Acidimetry and Alkalimetry : 


(1) What amounts of Na.COs will be required to prepare the 
following solution!^ * 

(i) 250 c.c. of 05 N Nd^CO« (ii) 500 c c. of O'M Na^CO, 
(iii) 1000 c c. of 5% Na.COa (Na- 23) IW.B H.S. 1980} 

(i) gm. equivalent of sodium carbonate- S3 gms. 

To prepare 

1000 c.c. of (N) NjaCOs soln. 5'^ gms of NaaCO* are required. 
• , fj 1000 ,, ,, 0 5M ,, ,, or 26 Sgm. ,, 

250 , 6 625 gm. of Na.CO. 


arc required 


(ii) gm*moleculer weight of Nd^CO,, - 106 gms 
To preapare 

1000 c c. of (M) NdaCO, soln, 106 gms of Na.COj arc required 
1000 „ , 0 5M „ „ *^‘’=53 

.-.500 or 26 5gms.ofNd,CO, 

are required 


(ill) To prepatc 

100 c c. of 5v. Na^CO^ soln. 5 gms of Na^CO^ aic required 


/. 1000 


f f 


5 X 1000 
iUO 


or 50 pros of 


(2) Calculate the amount of Na^COg required to neutralist 
100 ml of (N) 

100 ml of (N) HgSO^&UOTnl of (N) Na.CO, 

Now, 1 gra-cquivdlcnt of Na^CO, 53 gms of NdjCO^ 

1000 ml of (N) NdgCOj soln. contain 53 gms of NagCOg 
/. 100 „ „ „ „ „ 5 3 

Required amount of NdgCO -53gma* 
N 

(3) 25 ml of I 12 sodium h>dro\idc soln. require 24 0 ml of 

a solution of hydrochloric acid tor complete neutralisation. Calcu- 
late the strength of the acid in terms of (i) noimality and ^ii) gms 
per litre. 

According to the question, 

24 ml of HCI soiution3a25 ml of 112 NaOH solution 
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Let the strength of the acid in terms of normality be x. 


24x*=25xri2jj or. 


25x112 N 
24 10 

o, 


or 0*1166 (N) 


/. Strength of the acid -01 166 (N) 
and wc. in gms/litrc — normality xgm-equivalent 
01 166x36*5-4 2559 gms 


(4) Calculate the volume of dccinormal sulphuric acid soln. 
required to neutralise 2‘'0 ml of a solution containing 2*5 gms of 
caustic soda per litre (Nd=23) 

Gm<equi valent of caustic soda- 40 gms 


2*5 


(N) 


/. Strength of the given caustic soda solution — ' 

40 

-0 0625 (N) 

Let V ml be the volume of dectnormal sulphuric acid required 
for neutralisation. 


V ml of fl.SO, ^250 ml of 0 0625 fN) NaOH 

• V X 250 X 0-0625 (N' ci V - 250 x 0 0625 x 10 =- 1 56-25 ml 

* Vol. of acid rcquiied - 156*25 ni! 


(5) A laboratory bottle containing hydrochloric acid is lebelled 
as 12N HCI. How would vou prepare 2b ml of 3N HCl taking the 
acid from the bottle (W B. H. S. 1978) 

Let the required lolurac of the acid be % ml. 
t>12N-20x^N jc-Sml. 

5 ml of the acid arc to be dissolved in 15 ml of water to 
g^\c the acid of the desired strength. 

(6' Calculate the amount (by weight! of sulphuric acid of 
^8% purity which will be required to piepare a litre of 0*50 (N) 
HjSO* solution 

For preparing 1 litre of (N) HgSO^, we need 49 gms of HgSOg 

.* 0 50vN; „ „ .. 24 5 

According to the question, 

58 gms of HgSO^ are present in 100 gms of HgSOg 
. 100x24*5 

• • y, 59 55 55 

or 42-24 gms of H^SO^ 
wt ot sulphuric acid required =42'24 gms. 
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(7) A solution contains 0 4940 gm of caustic soda in 125 c.c. 
What is the factor of the solution if the strength be expressed as (a) 
N 

N solution, (b) solution V 

Gm-equivalem of NaOH==40 gmf. 

(a) 125 c c. of (N) NaOH will contain ^ ^ qp s ^,ius Qf 

NaOH 

factor = ^ 00988 


(b) 125 c.c. of NaOH solution will contain 0 5 jjras of NaOH 

factor-'^-^^- 0988 


(8) 1*3456 gnis of Na^CO, arc dissolved il Wti'cr *iiiJ the 

volume of the solution is made upto 250 c c. 25 c c. of thi*' •)'nJution 
exactly neuiiaiise 24*85 c.c. ol a solution of Cakiilate the 

normality ol (a) solution (b) H.SO^ solution 

(a) 250 c.c. of NaaCOg .^oln contain 1*?45'» gms ol Nuj^COg 

/. 1000 1*3456x4 

Normalitv of tbc solution - —i' - 

bq vvf 

0 J0I55N 

(b) Let the strength of the acid be k (N). 

24*8‘> cc. of X (N) Hs!>0^».25cc oflrU)K-N(N) Na^CO, 

. 25x0*10155 

24 00 

Normality of the acid solution 0'10216N 


(9) One litre of a solution coutain^s 25 gni*' o/ NujiCO,. 50 mi 
of this solution aic diluted to 250 ml. 25 ml of this diluted solu- 
tion require 28 ml of a solution of sulphuric aciJ bind the strength 
of the acid in grams per litre. (Na -23. S- 32) 

1000 ml of NajCOg solution contain 25 gms of Na^C 


50 


25x50 

lOUO 


or 1*25 gms of Na^CO, 
/. 250 ml the of diluted solution contain 1 *25 gms of NaaCOg 

Strength of the diluted NajCO* solution ~^-^(N) 

1 J) jij 
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(•.■ Gm-equivalent of Na,COg = 53gms and 250 ml of (N) 

Na,COg will contain or. 13 25 g-ns of Na,COg) 

4 


Let the strength of H,SO^ be x (N) 

/, AcwOfdinj to the relation V^Si =- 


’8 ml of A (N) HaSO«=:25 n.i (N) NajCO, solution. 


7Sy;]-25 
2Sxli 25 


o. .tren«holHgSO,--^^-|Jl (N 


wt of 


tn one litre- Normality x gm-cquivalcnt 


2 ^' * y 49 
I S 2b 


or 4 127 gms 


vIO) i *2S g n o( i s r .iboiiute dissolved in 

^vatcr. ?;ScL of a ^ iKit^on ot '.uipKinc at id v eic required to 
> 'iti ih^e the aq jr*ou> Sv li* ol th^ t Thonatc c^'^clly. Calculate the 
” 1 rr.MinB of ihcac'd ana right of uiphuiiCi pit tn< in one litre. 
? g Ai-equivakijt 1 1 soduim c^fhoiate S3 gn s ol Nd^COg 
and I » M „ sulphuric atid- 49 „ of H^SO*. 

Since tCid- jnd alkali > *‘ca<.i lu the r,*tio or iheir gra -cqui- 
jlcntN 

- ^ gm^ id *sCO., « 49 gni> <d H^SO^ 

'MZ"* g'n , 0 * I5b gm of HgSO^ 


Accord. ir" to ti.- quc.tion 

2 1 S 0 c ol the acld^olutlon canncutral.se the wh« jc of NajiCO* 
o’ution 


24 S c c aud so* 
Idj ) 


i ontain 0 1 ^ SS cm of H 


HjSO^ 

S'renvqh ol the acd - -0 095 (N) and wt. of the 

49 


it id m gms per litre Norm »litv X gni-itquivalcnl. 

0 09SX49 
- 4 655 Rni«i* 

till 10 a\c. of concentrated uJphunc acid of specific gravity 
1*63 were diluted to one litre. 20 c c. of this solution required 
28 c.c. of 0*25 (N) NaOH solution for complete neutralisation. 
Calculate the percentage strength cf the acid in the sample. 

Wt. of I cc. of the acid-^1 83 gms. (\ specific gravity of 

the acid is 1 * 83 ) 
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Wt of the acid per litre of diluted acid solo.= 

10x]'83=18‘3gina. 

Let the strength of the acid solo, be jc(N). 

I • According to V,Si = V,S,. 

20 c.c. of x(N) H,SO. 3 e 28 c.c. of 0 25 (N) NaOH soln. 

. Strength of H,SO« soln =0-35(N> 

Wt. of the acid in gras per iitre=0'35x 49 

= 1715 gras 

Percentage strength of the cone. acid=^^^^i^,--® 

1 0*3 

= 93 7. 

(12) Upon heating one litre of a ^HCl solution, 2-675 gms off 

hydrogen chloride are lost and the volume of the solution shrinks to 
750 ml. Calculate the normality of the resultant solution. 

Gram-equivalent of HC1~36 5 gms of HCI 

1 litre of ^ HCI solution will contain or !8 25 gms off 
2 2 

HCI. 


Hydrogen chloride lost upon heating -2*675 gm^ 

„ „ left in solution -18*25 gms -2*67 5 gms 

= 15*575 gms 

1000 ml HCI solution containing 36*5 gms of HCI a= I ON HCI solution 
.•.750„ „ „ 36-5 „ .. „ 


.'.750,. „ 


15-575 „ 


750 ' ' 

. 1^^00x_1V525j^ 

7:50 

HCI soln. 
s 0*5689 (N) 


Normality of the resultant soln, 0*5689. 

(13) How much water is to be added to 500 m! of a 1-2 (N) 
acid to make it a normal solution ? 


Let the required vol. of water be k ml, 

(x+ 500) ml (N) soln s 500 ml 1*2 (N) soln. 

(x+500)x 1 = 1*2 x 500 •. jc- 1*2x500 500 - 100 ml. 

(14) How many c.c. of water must be added to I litre of 
0*1088 (Nj HjSO* to make it exactly dccinormal ? 

Let 1000 C.C. of 0-1088 (N) H.SO. a V c.c. of ^ H.SO. 

.% 1000x0-1088 N = Vx I? or, V= 1000 X 0 1088 X 10 

= 1088 c.c. 
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Vol of water to be added to 9ot litre of the acid 
= (1088- 1000) cx. 

= 88 c-c- 

( 1 ^) 20 cx. of sulphuric acid solution neutralise 21*2 c c. of 3% 
Na^CO, solution. How would you reduce the strength of the acid 
to decmormal 7 

100 c.c. of NagCOj solution contain 3 gms of Na,CO, 

1000 ,, „ „ „ 30 

• . Strength of Na.CO, soln -- ( JJ) 

20 c.c. of H,SO« bolnE=21-2 cc of 5 ^ 3 ( 1 ^) Na,CO,soln. 

= 120 C.C of-^ 

= 120 cc of solo. 

To reduce the strength of H^SO^ solution to de^'inormaJ, 
120 - 20-100 C.C. of water are lequired to be added to every 20 c c 
of the acid solution i e 5 c c of water are to be added to 1 c.c. of 
the acid solution 


(16) 10 gms of CaCl.j were dissolved in water To this aqueoua 

solution, 100 ml of NajCO. solution were added ^fter the reaction, 
there was no excess of N t^COg. Calculate the stiength of the 
sodium carbonate solution in terms of normality 


CaCIg + Na^CO,- CaCO,-f2NaCl 
111 106 


11 1 gms of CaClg completcl> react with 10b ^lus of Na^CO, 


10 


10 *) ;< 10 
ifl 


or 9 5** gms 


of NagCOg 


100 ml of NajCO, solut mi contain 9'5^g N^gCO,, 
1000 , , 9 ^ 


QS s 

Sticrgth of NagCOu solution I 8 N 


(17) Sulphur dioxide produced by the action of 5 gpis of 
copper on excess of cone. Milphnnc acid was passed through 
500 ml of 4 N NagCO^ solution Find out the unreacted amount 
of NagCOa the solution (Cu 


Cu 

-h 

2H,SO, 

CuS 04 +S 0 , + 2 H ,0 

63 



64 

Na,CO, 


SO, 

Na,SO,+CO, 

106 


C4 


From the above 

equations. 
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So, produced from e J gtns of copper react with 106 gtns of 

Nd,CO„ 

106x5 

M „ 3 „ „ „ „ — ~ 

oi 8 41 gms of NugCO, 
We know gm equivalent of Na^COg 53 gms 
*. 1 litre of NagCO, will or>tain —26 5 gms of NdaCO^ 

“500 ml,,. „ 13 25 gms 

So unreacted amount of NdgCOo 1 25 8 41 4 84gms. 

(18) 10 ml ot i oiution of Hf I ex ictly nujiralisc 15 ml of d 

solution of NaOH y\liO 10 mi of the same HCl '►oin when tieated 
With excess ol solafion ve 0 I ns tjm oi I I ind out 

the strength oi NaOrl solution in Jimsditr^ (Ag hih) 


0 1435 gtr 


AgNO, UCI \j:( * 4- il\0 

I 3'> .) lOS A 0 

143 :> gms ot Ag< i arc obta ned Irom 36 5 gms of HCl 

% /O I43S 

' * ’ ""l i o 

or OOihS gm oT fU i 

10 ml of the HCl sofutio ^ uo 0 0365 of W(. I 
1000 .. . 

L 

or 3 f 5 gms of HCl 


Strcogln ol the above Hi * '•oiution ^ N 
^ JO *> 


0 IM or 


N 

10 


Let the strength of NaOH solution 
So from the relation V , S, V 

15 ml {V' NaOH s 10 mlO IN HU 

X 10'' ('I 0 0667 fN) 

!■> 

wt of NdOH in pms/|itrc - Normality xgm-equiv ilent 
or 0 0667x40 -2 668 gms (appiox) 


(19) 30 cc of0 2NHaSO„ and 20 c c ofOiNII^SO^ were 
mixed together Determine the strength oi mixed atid solution. 


30cc. of0 2(N) HaSO,*(30x0 2) cc or60cc N H^SO^ 
20 „ „ 0 3(N) -=(20 x 0 3) cc orbOcc N 

Vol of the mixed solution (30-1-20) c c or 50 c c 
Let the strength of the mixed solution be x(N), 

50xx-120xN or x-J^Nor 0’24{N) 



ACIDS, BASES AND SALTS 


205 


(20) (a) In what proportion by volume 0 07(N) HCI and 

HCl arc to be mixed in order to <*ct an exactly dccinormal solution 
of hydrochloric acid ? 

(H?) In wli it volumetric proportion should an acid of 0 5 N 
strength be <sdd<‘d to an alkaline ‘olution of stregth 0 3 N to make 
the resulting solution alkahnc and of strength 0 03 N ? 

((7) Let X nd of 0*07 N K<"l when mixed wita y ml of 1*2 

\l 0 / 

HCI pioduce a dccinormal solunon of HC i. 

Now, r ml 0*0'^ NIICI - x x(Vn7 ml ,N) IIU 

and y ml 1 2 i> i JIC< 


So, the n^ix ore IS cqui\ K xO 07-+- 1 - ^ 0 12 m) NHCf 
Totil VI'* <<f ihi' n'uea d \ m nil 

Troll tin. u lat ( >i , V^S 
(xviiO? fv^oi.'iN M( 1 1X4 nil 

0 7x4-T^y \^\ or 0 U OJi 

O. ^ ? 

y n 3 

So t’lc hfst <'>!J ana ihf *^iorJ <* art to be mixed in the 


proporti in ot 2 3 bx \o 1 ufuc ’ idly (\l HCI. 

' >o 

(/»> 111 liir volumr ol the aoid to be ihm^ d x rn^ 

aUu , , ulkap , , 1 nn 

X Uj* 0 ( N, tK la £a * ^ 0*s nl (N } icn 
p 0 ^ (Nj dlk ji*-. \ ^ rri \> U? U 

‘ \ he Fx^iijlirig svOumof] aik.»’ 

NM "ilk Jib > I v (i s n'l 


Now, xxO S ml (N' c , i aeutialise > xU i l(N'alKah. 

bn nca rali^ed i oi ^ > a 0 5) m* (Nr 

alkali 


lotal valume of the mixed m! 

and sire. igui „ , , Or (N; 


Apolyiiij; liie rtla’ion S 
(x 1 > » xO 05 (N) ( 1 X 0*0' 

0 0^x-f0'‘5y 0 3y 0 5' 

/. 0 5Sx 0 2 V 

^ y 0 35 II 


X V 0 N so,i«. 


5 ml of the given acid arc to be mixed with 11 ml of the 
given alkali solution. 
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(21) 25 ml of 0 08(N) sodium hydroxide solution are mixed 
with 20 ml of 0*09(N) sodium carbonate solution. What is the 
normality of the resulting alkali solution. 

30 ml of the mixed alkali solution neutralise 50 ml of sulphuric 
acid solution Calculate the strength of the acid in terms of 
normality. 

Vol. of the mixed alkali solutions - 25+20 -4S ml 

(supposing that there is no change in vol upon mixing) 

25 ml of 0 08 (N) NaOH soln -(2S . 0 08) ml of (N) NaOH solo 

*.2 ml of (N) NaOH soln. 

20 ml of 0 09 (N) Na,CO, soln -(20x0 09) ml of (N) Na.CO^ 

solution. 

5=1 8 ml of (N) NaaCOg soln. 
Let the strength of the mixed alkali solution be x (N) ' 

.• 45xx(N)-J8N, 00844 

Strength of mixed alkali solution - 0 0844 (N) 

Now, according to the question^ 

^0 ml ol 0 0844 ( N) alkali soln ^0 ml of the acid soln of 

unknown strength 

unknown strength^ 

Strength of HaS 04 solu.~0 05064N. 

(22) 25 ml of 0 4 (N) IICI and CO ml of 0 8 ^N) H^SO^ were 
mixed together, bind tiic volume ol 0 S (N) NdOH solution which 
will be required to neutralise the mixed acia solution 

25 ml of 0 4 (N) HCi soln.afaC^S xO or 10 ml of (N; HCl soln 
60 ml of 0 5 (N) H.SO^ soln s^60x0 5> or 30 ml (N) H.SO* 

soln 

/. Vol. of the (N) acid soln -10+30 - 40 ml. 

Let the vol. oi 0 8N NaOH soln required be V ml. 

Then, acording to the relation V,S, - V^S, 

40x(N)-Vx0 8 (N) or V i?--50inl 

U o 

(23) 50 ml of an alkali solution is mixed with 16 ml of a 
0 75 (N) acid solution and for complete neutraluation it further 
requires 30 ml of 0 8 (N) sulphuric acid solution bind the stregth 
of the given alkali solution. 

16 ml 0 75 (N) acid e( 16x0 75) ml (Nj acid or 12 c c (N) acid 
30 ml 0*8 (N) dcio » ;30 X 0 8) ml (N) acid or 24 ml acid 

total volume of (N) acid required » (12+24) ml or 36 ml 
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Let the strength of the given alkali be x (N) 

50 ml jc(N) alkalis 36 ml (N) acid 

A x--5^(N)-0-72(N) 

Do 

Strength of alkali ~ 0*72 (N) 

(24) 10 ml of 5/j NaOH solution were poured into 10 ml of 5% 

HCi solution. Is the resulting solution neutral ? If not, calculate the 
strength of the acid or alkali in the resultant solution in teims of 
normality. 

As per data given. 

100 ml ot NaOH solution contain 5 gms of NaOH 
/. 1000 „ 5 X 10 - 50 gms of NaOH 

•. Strength of NaOH ».oln-^|J(N)-- r25 (N) 

( V 1 gm equivalent of NaOH ~ 40 gms of NaOH) 
10 ml of l’2S (N) NaOll solution*(!0x 1*25) ml or 1*25 ml 

(N) NaOH 

Similarly, strength of HCl soln - (N)— 1*37 (N) 

( •/ 1 gin-eq of HCl = 36*5 gms) 
10 ml of 1*37 (N) HCIs(!Oxl'37) ml or 13*7 ml of (N) HCI 
We knojv that 1 > 5 ml ol (N) NaOH « 12 5 ml of (N) llCl 
But the acid solution ss 13 7 ml of N acid, 

. . Excels of (N) acid- (13 7- 12 5) ml -1*2 ml 

The resulting volution is acidic as it will contain acid equivalent 
io 1 2 ml ol (N) IICI after the reaction. 

Vol. of the resulting soln.- 10 i 10 20 ml. 

Let the strength of (he mtxed solution be x (N) 

20 ml of X (N) HCI soln.fc 1 2 ml of (N) HCI soln. 

or -0 06 (N) 

( 2 S) 0*265 gm. of Na^CO^ is added to 50 ml of a solution of 
N 

sulphuric acid of strength ( factor ^ 1*25 ). Is the resutking 

solution acid or alkali *? Calculate the volume of an acid or alkab 

N 

(as the case may be) of strength 0*75 — required to neutralise the 
4hc resulting solution. 

50 ml of 1-25 ml or 6 25 ml of (N) H,SO. 

solo. 

*/ an acid and an alkali react in the ratio of their equivalents. 
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5^ gms ol NaaC08s4Q gms of H^SO^bIOGO ml of (N) 
49x0 26 


HaSO^ 


*. 0*26S gm 


5^ 


ml of (N) HjSO, 


(b 25 5 00 ‘*1 OT r25 ml of ''N) H^SO^ vili remair 

unneutralised. 

The mucu solni on is aud» I tt th** vol. of 0 7*^ alk^U 
required for neutralisation be \ 

N 


1 25 rN) acid sob - V^O 75 ilk di ^sln 


(26) Cdl 'ilate the ’ o^^nl o7 a one '•nt rated «oIuIidd o' 
sulphuric dcul {-ue bd o ^ suij Mine ic 1 hv ehc 

and whose specdu gravjn 

As pci question ol ol H^SO^ Mduiioi r^ 

1 s4 


Moleculd*- weight vl fl SO^ 9 ^vl k. i 


100 
1 64 
lOtV' 


ml ot the 




r i ole *I 
I a‘00 , 


lljSO* priser^ 
96 L»rr ‘ n*( ** 


T loiA 1 > 


Molarnlv ol |84 


(27) Apiececfabi nii ni vvo ;hiiu' / uin Ir^^B J \si*h ^ 
ml ot a selntton of alo" » r cvmtai ^ 7Q0 4 o' 

acid per l«lrc Micr * ^e iiutal i cor*ip]pi^i\ dissolved, I t? soiutior 
IS diluted (o 400 nil ( i/^^uiaic ♦ht ’uolars ol tie f e Jrb 
acid in the re idling ^ooir.on ^ \j 27 . 

bioni the Vno^Alcdtie ' t -qnu ilent cht 
9 2 ms u ^ t9 ot H 'f>, 

2 7,, r ^ ^ " or I ‘ OTijv of n So 

c -• 


From the di‘<a civ^n 

1000 mi Ol hjiV), i >,,t IIP 29 ) 4 cm ot 

ig > ^ y ^ 

7^^ ml " - 0 21 7s ^,1 <. o! H.SU 

0\» 


HgSO^ icit 21 7S 1 4 7 t>» u 7(i>rno 


Now 1000 ml oi corlaiuin ' 9-^ gm give I M s^lutmp 

, 400 , „ „ contai'ung 7 0^ gms give 

1000 X 7-08 
400 X 98 

=0 18 M solution 


M solution 
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(2S} 0 50 gm of a sample of impure calcium carbonate is diss- 
olved in 50 ml of 0 0985 N hydrochloric acid. When the reaction is 
complete, the excess of hydrochloric acid requires 6 0 ml of O'lOS N 
caustic soda for neutralisation. Find the percentage of pure 
calcium carbonate m the sample. 

50 ml of00985(N) HCIs (50x0*0985) ml or 4 925 ml of(N) HCl 

6-0 ml of 0 105 ^N) NaOH ^ (6 x 0 105) ml of (N) HCl 

« f 6 0 X 0 105) ml or 0 630 ml (N) HCl 
Vol of (N) HCl required for reaction with the impure sample 
-=(4 925-0 630) or 4 295 ml. 

Gm-equivalent of CaCO,, = gms of CaCO, 


1000 ml (N) HCl neutralise 50 grams of CaCOa 
/. 4-295 ml „ „ or 0-2147 gm of CaCO,. 


0*50 gm of impure sample contains 0*2147gm of pure CaCO* 


100 gms „ 


0*2147x100 
0-50 ' 


or, 42 94 gms of pure CaCO. 
/. Percentage of purity - 42*94 
(29) The molecular weight of a dibasic acid is 126. 

1*4175 gms of the acid were dissolved in 250 c.c. of water. 
22*5 c.c oi the acid solution thus obtained neutralise completely 
25 c.c of a NaOH solution. 10 c.c. of the same NaOH solution 
require 8 c.c. of a solution of HgSO* of unknown strength. 
Calculate the strength of the HgSO^ solution. 

Eq. wt of the dibasic acid -^^-=63 


1000 c c. of (N) dibasic acid soln. contain 63 gms of the acid. 
As per question, 

250 c.c. of the dibasic acid soln contain 1*4173 gms of the acid 
1000,, „ 1*4175x4=- 5*67 gms of 

acid. 


Strength of the dibasic (N) = 0'09 (N) 


Let the strength of NaOH soln. be x (N). 

According to the relation, '--’^,8* 

23 c.c. X (N) NaOH s 22*5 cc, of 0 09 (N) dibasic acid 

• • ^ is ■ ° 

Again, 10 c.c. of 0-081 (N) NaOH soln. s 8 c.c. of H^SO. soln. of 

unknown strength 

.* Strength of sulphuric acid O’ 1012 (N) 

O 


14 
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(30) 0*6882 gm of a dibasic acid was dissolved in water and the 
solution was made up to 100 ml. 20 ml of the solution when 
titrated against an 0'102N alkali solution required exactly 21*3 ml 
Calculate the equivalent weight and the molecular weight of 
the acid. 

From the relation V^Si-VgS, 

20xSi = 2r3x0 102N 

Strength of the acid (Si) = N or 0'1086N 

Weight of the acid in 100 ml of the solution =0*6822 gm. 
weight of the acid per litre=0-6822 x 10= 6*822 gmn. 

Strength xEq. wt= weight of the acid per litre 

Eq. wt of the acid=^|g=62*8 

and the Mol. weight =62*8x2 (basicity) = 125*6 


(31) 0*091 gm of a metal was dissolved in 50 c.c. j HCI and 

the solution diluted to 12S c.c. ; 25 c.c. of the soultion were 

N 

neutralised by 30 c.c. of ^ NaOH. Calculate the equivalent 
weight of the metal. 

25 c.c. of the diluted acids 30 c.c, of ^NaOH 
125 c.c. „ „ „ „ s 150 c.c. of ^ NaOH 


jsl5 c.c. of (N) NaOH 

*15 C.C. of (N) HCl left unused 

Vol. of acid taken =50 c.c. ~ HCl =25 c.c. (N) HCl 


.*. Vol. of the acid reacting with the metal= (25— 15) 

or 10c.c. (N)Ha. 

10 c.c. of (N) HCl react with 0*091 gm of the metal 


1000 , 


0*091 X 1000 
10 


Eq. wt. of the metal -9 1 


or 9*1 gms of the metal 


(32) 2 gms of the carbonate of a bivalent metal were dissolved 
in 100 ml of seminormal HCl solution. The resulting solution 
required 50 ml of 0*2 (N) NaOH for its complete neutralisation. 
Calculate the equivalent weight and molecular weight of the 
metallic carbonate. 

The carbonate reacts with a portion of 100 ml ^ HCl 
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The remainiDg acid required SOmI 0*2 (N) NaOH for neutralisation 

Now, 100 ml HC1=50 ml (N) HCl 

50 ml 0 2 (N) NaOH = 50 ml 0 2 (N) HCl s 10 ml (N) HCl. 

/. Vol. of acid left = 10 ml {N) HCl 

and „ „ „ used up by the carbonatc = (50 - 10) 

or 40 ml (N) HCl 

40 ml (N) HCl 55 2 gms of the carbonate 
• • 1000 I, ,, a 50 gms ,, ,, 

A Eq. wt of the metal carbonate = 50 

and mol. wt „ „ ^ 50 x 2-100 

(33) 0 236 gm. of an organic dibasic acid gave on combustion 
D 352 gm. of CO^ and 0 108 gm. of water. 0 059 gm of the acid 
N 

required 10 ml of ~ barium hydroxide solution for neutralisation. 

What is the molecular formula of the acid ? 

44 gms. of COj contain 12 gms of carbon 
0 352 gm. „ „ contains gms „ 

of carbon in the acid--— - 40 67 gms „ „ 

A.gain, 18 gms of H,0 contain 2 gms of hydrogen 

•. 0 108gm „ „ contains 2 „ „ 

of hydrogen in the acid - 508 

U 23o X lo 

■. , of oxygen (by difference) = 100 - (40‘67-(-5 08) =54'25 

•. C . H : O ( by wt. ) - 40 67 : 5-0« . 54-25. 

/. C ; H O (by relative number of atoms) : — * ; 

I 16 

-3-39 : 5*08 : 3*39 

= ll 1*5: 1 

(Dividing by lowest number 3-39) 

Simple whole number ratio is 2 : 3 : 2 
Empirical formula of the acid is CtH.O,. 

10 ml of Ba(OH)t soln. neutralise 0*059 gm of the acid. But 

1 gm-equivaient of Ba(OH), must neutralise 1 gm-equivalent of 
the acid. 

10 ml of j^Ba(OH), soln = l ml of (N) B8(OH), soln. 

1 ml of (N) Ba(OH), soln.-^O 059 gm of the acid 
1000,, „ ,. „ „ =59 gms „ „ „ 

/ . Equivalent weight of the acid = 59 

and the molecular weight „ „ =Eq. wtxbasicity=59x2=118 
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Let the tnolecular formula of the acid be (CsHBOg}^ 

{n—'d small whole number] 

118 /i(24+3+32)-=ll8or /j-2 

Molecular formula of the acid C4H0O4 

(34) Exactly 20 ml of hydrochloric acid solution containing 29*2 
gms per litre were required to neutralise 1*12 gms of a mixture of 
calcium oxide and calcium chloride. Calculate the percentage ot 
CaO in the mixture. 


1 gm-equivalent of UCI=-36 5 gms of HCl 

Normality of HCl soln.- 8 

3o 5 

We know that normality i^am^quivalcnt of the acid 

vol. ot acid in litre 

20 

Ihe acid s'^Ir Lonlainb 0 S oi OOJo gm-cqui\aleni ol 


the acid 

Since, the neuti jhsation bef^cen an acid and base occurs in 
the ratio of thtir cq 4i\alents. 

0*016 gm-cquivalent of HCl 0 016 gra-equivolent oi ( tO 
( . Oat of CaO and C aClj in the nnvturc, orlv CaO i»ill react 
with HC!) 

1 gm cqui\alent of CaO 40 4 h) 2g 

0 016 gm-cquivalent of C aO 28x0016 0 448 gm 
1*12 gms ot the mixture will contain 0 448 gm of CaO 


100 


t9 


0 448 X 100 
1 12 


oOt CaO-40 7 


or 40 7 gms of ( dO 


(35) 1 gm of impuie sodium carbonate is dissolvad in watci 

and the solution is made up to 250 c c . To 50 c.c of this solution, 
50 c.c. of 0 1 N HCl arc added and the mixture requires for 
neutralisation 10 0 cc of 0 16 (N) NaOH solution Determine the 
percentage of pure NajCOj u the given sample 

50 c.c. OIN HCl solution 50 x0*D c r. (N^ HCl solution. 

= 5 L. c. (N) HCl solution 

10 cc. 0*16 (N) NaOH solution -=(10x0 16) c.c. or 1*6 cc. (N^ 

NaOH solution. 
sl*6cc (N) HCl solution. 

/. (5- 1*6) or 3*4 c c. of (N) HCl neutralise 50 c.c. of Na^ CO^, 

solution. Let the strength of the NasCOg solution be x (N), 
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50 C.C. jc (N) Na.CO, = 3 4 c c. (N) HCl 
’• strength of Na,CO,-solii. = ^ (N) 

,or 0 068 (N). 

1 c.c. of (N) Na,CO, solution contains or 0-053 gm of 

Na.CO, 

250 c c. 0 068 ^N) Nd^CO, solution contain 0 OSS x 0 068 X 250 

lor 0 901 gm of NHsCOJ 
or I gm impure sample ''present in 250 c.c.^ contains 0 901 gm 

of pure NajCOg 

* lot) gms impuic sample contain 90 1 gm of pure Na^CO, 

. . > of pure Na^C O in the sample 90 1 

(36) 1 00 gm of a mptire of anh\dious sodtum carbonate and 

potassium carbonate v\ as dissolve*! in water and the volume was 
made up to 250c c , 25 c < , ot i»uv solution were neutralised by 20 
c.c. of hydrochloric acid of utiknown concentration Ihe neutral 
'tolution then required 16 24 c c. ot 0 IN AgNO^ tor f recipitation 
Calculate the percentage bv weight of K^^CO, in the mixture, 

bor piecipitation, the chloride and silver nitrate react in the 
ratio of their equivalents 

20 c c ot HCl solution - 16 24 c t oJ 0 1 \ solution 

- 16 24 c.c of 0 IN HCl solution 

Strength of the Ht 1 .oiuiioti N o- 0 0812N. 

Vgain,25cc < f dilute alkalu e solution-- 16 24 c c cl 0 IN HCl 

solution. 

250 cc „ „ . „ l6 24cc ot N HCl 

solution. 

Equivalent weight ot K,rO ? t-3x 16 

and eq. wt. ot Nd.CO, -''‘‘^+124 3x10 53 

Let the weight of K jCO , in 1 gm of the mixture be x gm 
» * 4, fi ] •% •« «■ (1 "* x} gm* 

Again, 69 gms ot K,COj t l'KK> c c of N HCl solution 

. „ lOOOxx 

• • ^ »s »* “ 69” '' ** 

aad 53 „ Na,COg jb 1000 c.c. of NHCI solution 

(l-x) 
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. 1000xj!j^1000x(1-x)_,£.,^ 

69 ~53 

53X+69 - 69jc 

. ^ 1000x69- 16-24x69x53 

A percentage of K,CO, = ^ O^Oejt 100 

=60 06‘V. 

(37) Find out the volume in ml of O' IN hydrochloric acid 
required to react completely with 1 g of a mixture of sodium 
carbonate and bicarbonate containing equimolecular amounts of 
the two compounds. 

Let the mixture contain x moles of Na^COs and NaHCO* 

/. wt of NajCOfl = Jcx 106 g and wt of NaHCOg -jcx84g 

106xx+84x;*---l or x (106+84) = 1 

wt of Na.COs in 1 g of mixture = ^*^x 106 g 

and „ „ NdHCO, -j|_x84g 

But 53 g Na,COs= 1000 ml of N IICl-10,000 ml ot O IN HClf 

S Na,rO., = W';' ‘^^ml oi01N«HCl 

=.105-26 ml of 0-lNllCl 
Again, 84 g NaHCO^ s 10,000 ml of 0 1 N HCl 

JLx84 „ =11^9?..^. or 52-63 ml of OINHCI 
190 84x190 

= Total vol 01 0 IN HCl requiied- (105’26-f 52 t)3) ml 
= 157 87 ml 

(3g) A 10 ml portion o1 a solution of (Nn) 4 \ SO^ was treated 
with an excess of NdOH. The NHg evolved was absorbed in 50 0 
ml of O lOON HCi. 10 ml of 0*2N NdOH were required to neutralise 
the remaining HCl. How many grams of (NH^)^ SO^ are picsent 
in a litre of the solution. 

Vol of (N)HCl used up to react with ammonia = 

(50x0*1 10x0*2) mU 3ml 

Eq. wt of ammonium sulphate--?^i^^~^— - -”66 

1000 ml of (N) HCl = 66 gms of (NH)^),S 04 

^ » ” » ’• so, 

10 ml of (NH*),SO, soln. contains 0-198 gm of (NH,) ,SO* 
1000,,,, „ „ „ contain 19 8 gms of (NH,), SO*. 

(NH)*),SO* in a litre solution^ 19*8 gms 



ACID9, BASES AND SALTS 


215 


(39) Upon adding SO ml of (N)KOH solution to a solution 
containing i’524gm8 of NH^Cl, the total solution was boiled till 
NHa ceased to be evolved. The resultant solution required 30 95 
mi of (N) HfSO^ for complete neutralisation. Find the percentage 
of ammonia in ammonium chloride. 

30-95 ml of (N) H.SO* *b 30-95 ml of (N) KOH 

svol of KOH soln. left unused. 

Vol. of (N) KOH used up to decompose NH 4 CI to NH, 

=(50-30-95)ml = 19-5ml 

19 05 ml of (N)KOHs 19 05 ml of (N) NH, 

Now, eq. wt. of NHj = 17 

.*. 1000 ml (N) NHa solo* will contain 17gms of NH, 

.-. 19-05 „ „ „ lZ2^J|^or 032385 gm. 

ofNH, 

So, 1-524 gms of NH^Cl contain 0.32385 gms of NHg 

• lAA 0*32385x100 - 

.. 100 „ ■ 1-524 " 21-25 gms of 

NH, 

Hence ' . of NH g - 2r25 

(40) A solution of caustic soda containing 4-74 gms per litre 
;s prepaied. Calculate the volume of hydrogen chloride at N. T. P. 
which will neutralise 60 ml of the prepared alkali solution. 

(Na--- 23, Cl =35-5) 

As per data given, 

1000 ml of the solution contain 4 74 gms of NaOH 

.-. 60 „ .. .. iZ^or0-2844gmofNaOH. 

We know, 1 gm.-equivalent (or 40 gms) of NaOH neutralises 
1 gm-equivairnt {or 36-5 gms of) HCl gas. 

At N. r.P., 36-3 gms of hydrogen chloride occupy 22-4 litres 

40 gms of NaOH require for neutralisation 22 4 litres of 
hydrogen chloride at N.T.P. 

0-2844 gm of NaOH requires 22;4x0^^ 


0-1592 litre of HCI 



CHAPTER 7 

OXIDATION AND REDUDCTION 


The Old Coocept : 

Oxidation : Ordinarily, the term oxidation is used to designate 
the reaction involving direct addition of oxygen to an element or 
a compound or increase in the proportion of oxygen ina compound. 
*1 he substance with which the oxygen unites is said to be oxidised. 
Carbon, magnesium etc. when burnt >n air take up oxygen and 
are oxidised into their respective cxiaes. Sulphui dioxide ( in 
contact with a cat ilyst ) and nPnc oxide combine directly with 
oxygen producing sulphur tuoxidcand nitrogen dioxide respectively 
In each of the latter t^o leaction, oxidations has increased the 
proportion of oxygen in the reacting oxide. 

C -1- O. - CO« i 2Vlg + O, - 2MftO 

2SO^ -f ~ 2SOa ; 2NO -f O. 2NOa 

Due to Its chemical nature, hydrogen is regarded as a kind of 
'chemical opposite’ of oxvgen ; so the reaction m which hydrogen 
Is removed (partly or wholly) from a compound is also called 
oxidation. 

When heated, manganese dioxide and conceiiatcd hydrochloric 
acid react with each other yielding chlorine. Sulphur precipita- 
ted when hydrogen sulphide and bromine water interact. Here, 
hydrochloric acid and hyorogeo sulphiae are &aid to be oxidised 
to chlorine and sulphur respectively by giving up then hydrogen. 

Mn0a+4HCl--MnCI.-rCl, + 2H,0 ; H,S + Br« 2HBr4^S 

The deiinition of oxidation has further been modihed in the 
light of the increase in our knowledge of the mode of occurance of 
chemical reactions. We knowthat oxygen is a typical electro-negative 
element and hydrogen belongs to a class of elements known as 
electro-positive elements. Hence, the concept of oxidation has been 
extended logically to include all reactions involving addition of any 
electro-negative element and removal of any clectxo-positive 
element. 

In a broader sense, oxidation is a procc*^^ which iatroducea or 
increases the proportion of oxyg^^n or any other cjfctro aegative 
element or radical in a substance or ri^movcs or the 

proprotion of hydrogen or anv other hydrogen like electro'positive 
element or radical from a substance. 

The following reactions are typical examples of oxidation. 

(i) Fc -f S -FeS ; (u) 2FcCIa -f Cl, = 2FcCI, : 

(iii) 2Kl + H,0, 2KOH -F I, 
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Here, in the reaction (i) between iron and sulphur, iron has been 
oxidised because sulphur, an oxygen-like electro-negative element 
has been added to it. In the reaction (ii), ferrous chloride has 
undergone oxidation due to the increase in the proportion of 
electronegative element chlorine in its molecule. The equation 
(lii) above reveals that the electro-positive element pota- 
ssium is removed from potassium iodide causing liberation of free 
iodine. Hence, potassium iodide is said to be oxidi&ed to iodine by 
hydrogen peroxide. 

It is evident from above that there are oxidation reactions 
where oxygen plays no part. 

Redaction : Reduction is the reverse process of oxidation. In 
a restricted sense, the term reduction is used to describe the reaction 
which involves removal or decrease in the proportion of oxygen from 
a compound. Moreover, addition or increasing the proportion of 
hydrogen to a substance (cither an element or a compound) is also 
called reduction The substance which gives up ox>gen or takes 
up hydrogen is said to be reduced. 

When cupric oxide is heated in a current of hydrogen, metallic 
c ipper and water are produced. Heated zinc oxide rcvscts with 
carbon yielding metallic zinc and caibon monoxide. Feme oxide 
at red heat is converted into metallic iron by alummiuni. 

CuO -f Hg - Cii -f HgO ; ZnO 4 - C “ 7n -f- CO 
2Al -f Fe.Oa - 2Fc + AlgO«. 

In the above reactions, oxygen icmovcd from each of the 
oxides. Hence, these oxides have undergone reduction. 

Again, hydrogen combines directly with chlorine and nitrogen 
to give hydrogen chloride and ammonia rcspectncly. As a result of 
reaction between hydrogen sulphide and iodine, hydroiodic acid 
and sulphur are formed. In these cases, chlorine, nitrogen and 
iodine have been reduced as the three elements have combined with 
hydrogen. 

H, -h CI3 -2HC1; N* + SH. = 2NH« , 

H,S 4 I, - 2HI 4 S. 

Like oxidation, the scope of the term reduction has al&o been 
extended. 

In a broader sense, redoction is a process which removes 
or decreases the proportion of oxygen or any other oxygen-like 
electro-negative element or radfe:*! from a substances or introdnees 
or increases the proportion of hydrogen or a hydrogen- like electrtH 
fiositive element or radical in a substance. 

The following pair of reactions may be cited as the examples of 
reduction. 

FeCIa 4 [H] == FeCl. 4 HCl ; 2Na 4 Cl. - 2NaCl. 

nascent 

hydrogen 
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In the case of reaction between ferric chloride and nascent 
hydrogen, ferric chloride has suffered reduction as the proportion 
of electro-negative element chlorine present in it is decreased. 
Again, in the reaction between sodium and chlorine producing 
sodium chloride, chlorine is reduced because the electro-positive 
element sodium has been added to it. 

The change of valency of an element involved in a redox reaction 
is to be noted. Oxidation involves increase in the positive valency 
(or decrease in the negative valency) of the element oxidised. In 
each of the following reactions, iron has been oxidised and its 
valency changes from +2 to 4-3 (i.e., lower to higher). 

4FcO -4 03= 2FcaO« ; 2FcCl, -f Cl, = 2FcCl„ 

6FeS04 -f 3H,S0, -f 2HNO, = 3Fe,(S0Ja+4H,0 + 2NO. 

Decrease in the positive valency (or increase in the negative 
valency) of an element is associated with the process of 
reduction, c.g. 

(i) 2FCCI3 -f SnCl, = 2FcCl, + SnCI^ 

(ii) 2KMn0*-f-5S0,-|-2H,0 = K,S0^-f2MnS0^42H,S0^ 

In the reaction (1) mentioned above, ferric chloride has been 

reduced to ferrous chloride and the trivalent ferric iron is changed 
into divalent ferrous iron. 

In the reaction (ii), permanganate salt has been reduced to 
manganous salt and during the process of reduction heptavalent 
manganese is converted into bivalent manganese i.e. Change o[ 
valency of manganese is from +7 to-f 2 (higher to lower). 

Oxidising and reducing agents : (stccording to old concept) . 
The substance which in a ^beInical reaction supplies oxygen or 
any other electro-negative element to a substance or withdraws 
hydrogen or any other eleccro-poMtive element from a substance is 
called an oxidising agent or oxidant Examples of oxidising agents 
arc — oxygen, hydrogen peroxide, halogens, nitric acid, potassium 
permanganate, potassium dichromate etc. 

Again, the substance which in a chemical reaction, removes 
oxygen or any other electro-negative element partly or wholly from 
a compound or supplies hydrogen or any other electro-positive 
element to an element or a compound is called a reducing agent 
or reductant. Some examples of reducing agents are— gaseous 
hydrogen, nascent hydrogen, hydrogen sulphide, sulphur dioxide, 
stannous chloride etc. 

Simultaneous occurrence of oxidation and redaction : The two 
processes, oxidation and reduction, are complementary and must 
occur simultaneously. Neither ao oxidation nor a reduction can 
take place alone. An oxidising agent brings about iht oxidation of 
a substance and in the process it itself gets reduced. Similarly, a 
reducing agent is itself oxidised when it reduces a substance. In 
other words, an oxidising agent cannot exhibit its oxidising 
properties unless there is a reducing agent in the reacting system. 
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Such reactions are referred to as reduction-oxidation reactions or 
redox reactions in short. 


i 


Oxidising 

, Reducing 

1 Reduced | . 

1 Oxidised 

agent 

_ agent 

1 product 1 ^ 

1 product 


_T 


Examples : (a) When hydrogen is passed over heated cupric 

oxide, the latter is reduced to Tnetallic copper by the removal of 
oxygen but the reducing agent hydrogen is itself oxidised to 
water (steam) by gaining oxygen. CuO+H,=Cu+H^O. 

(b) When hydrogen peroxide oxidises lead sulphide into lead 
sulphate, it (H^O,) itself is reduced into water. 

PbS+4H.Oa =PbS0^4*4n*0. 

(c) In the reaction between cone, sulphuric acid and hydroiodic 
acid, hydroiodic acid is oxidised to iodine by sulphuric acid which 
IS simultaneously reduced to sulphur dioxide. 

H,SO^ + 2H r - 1. + SO, + 2H,0 

(d) Stannous chloride reduces ferric 'chloride into ferrous 
chloride by decreasing the proportion of chlorine but at the same 
time It IS oxidised into stannic chloride by taking up chlorine. 

2FeClB*fSnCla- 2FeCla-f SnCI^. 

Oxidation and reduction in the light of new electronic concept : 
The oxidation- reduction reaction is nowadays explained in a 
generalised and unrestricted way in terms of electron’?. The most 
recent definition oi oxidation-reduction process expresses the 
changes .taking place through electron transfer from element to 
element in the course of chemical reaction. 

From the electronic point oi view, oxidation is a chemical 
process whereby an atom or an ion loses one or more electrons and 
the atom or ion that urmshes electrons in a reaction i- said to be 
oxidised. On the other hand, reduction Is the process in which 
atom or an Ion gains one or more ehetrons in the course of the 
reaction. 1 he atom or ion ii ^it accepts electrons in a reaction is 
said to be reduced. Obviouciy, reduction is the exact le verse of 
oxidation. 


From the foregonig discussions, oxidation-rcductinn reactios 
may be looked upon as a chemical reaction resulting in a chanrge 
in the electrical charges on the reacting particles. 


Oxidation 

Na c->Na^(or Na*^^) 

Zn 2c-»Zn+Mor Zn+*) 
Fe++- c->Fc+^^(or Fc+») 
2i-~2e-»r, 

cr-c-^ci 

S“-2c->S 


Redaction 
Na'^-he-^Na 
Zn+++2c-^Zn 
Fc++++c-^Fe+^ 
I.+2c-»2l' (or I“») 
Cl-fc-^Cl- 
S-f 2c-»S— (or S-») 



220 


OBNBRAL AND FBYSIGAL CHEMISTRY 


It is clear that oxidation results in the conversion of 

(i) a neutral metallic atom into its ion 

(li) a metallic ion (cation) in the lower valency state (ous*ion) 
into an ion in the higher valency state (ic-ion) 

(iii) a non-metallic ion (anion) into the non-metallic element. 

In a reverse process, reduction results in the conversion of 

(i) a non-metallic element into its ion 

(ii) an ^ic’ cation into an *ous’ cation 

(iii) the metallic ion (cation) into the metal. 

Modern definitlonn of oxidising and reducing agents : The 
substances which accept electrons and undeigo reduction easily are 
called oxidising agents " The reducing agents are the substances 
which are readily oxidised by the donation of electrons. 

Thus, oxidation and reduction are complementary processes of 
electron loss and electron gam respectively. The electrons lost by 
the reducing agent must be accepted b\ an oxidising agent present. 
So, in a reaction, whenever one substance is oxidised, another 
snbstance ts correspondingly reduced. This leads to the conclusion 
that there cannot be a reaction in >^hich only oxidation or only 
reduction takes place. 

Exht plea : (a) When magnesium is burnt in air, it is converted 

into magnesium oxide. Here magnesium is oxidised by losing two 
electrons per aron. These electrons are taken up by oxygen atoms 
which arc reduced as a result. Magnespim ( donor of electrons > 
is the reducing agent 

Mg-2c^Mg^* (Ox*dn., (i) ; 2e (Rcdn.) 'lO 

By adding (0 and (ii). Mg 

or 2Mgf02 2Mg^*0"* (or 2MgO) 

Combination of iron and sulphur to give ferrous sulphide is a 
similar process. 


Fe+S" 


Removal of 2 electro 
“(Oxidn.) 

(^dn.) 

Acceptance of 2 electrons 


4 

-►bc+'S- 

t 


(b) When chlorine is passed through a solution of ferrous 
chloride, the latter is converted into ferric chloride. Inis reaction 
is expressed by the molecular reaction as 
2FcCI,-fCJ,-=2FcCl,. 

According to the ionic theory, this reaction ts primarily a reaction 
between Fe^^ ions and chlorine and the above equation may be 
written ionicaliy. Each ferrous ion‘ Fc*"* ( reductant ) is oxidised 
to ferric ion, Fe**^* by losing one electron and the neutral chlorine 
Atom (oxidant) is reduced to chloride ion by gaining the electron, 

Fc^^-c-fFc** (Oxidn.) ..(i) CI+c-fCI'' (Redn.)...(ii) 
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Here, the number of electrons lost by each ion is equal to 
the number of electrons gained by a chlorine atom. So, by adding 
equations (i) and (ii), we get 

Fe^*+CI-^Fe"'»4-C|-* 

2Fc'* 2e->2Fe-'‘ 

Cl, +2c-^2C|- 

*. The complete reaction 2Fc'^*4‘Cl2- 2Fe+®-|-2Cl“ 

(c) When 7inc <s added to a solution of copper sulphate, copper 
IS precipitated and /me goes into the solution in the form of zinc 
sulphate Zn-f CUSO4 ZnSO^ -j Cu 

lonically, 

Zn - 2e->Zn ^ ^ ( oxid n ) 

Cii^* 4-2e-»C u ) 

7n-f Cu‘^»-Zn^* ^-Cu 

Here, copper gams two electrons lost by rmc. Hence, copper 
Is reduced and zme is oxidised 

(d) The reduction of hot cupric oxide by hydrogen i*- 

expressed Cu+*0’* + H, ->Cu f HjO 

It IS evident that cupric ion, Cu^* is reduced b> electron 
gain as t 2c-^Cu 

The electrons ^mc made available by the interaction between the 
oxide ion. O'® and a molecul* ol h>drogcn consisting of two 
atoms O *^H^04'2e 

Thus, b\ combinmz with o\>f;eii m this Way and supplying 
electrons to the metallic lor, hydrogen shows reducing properties. 
The oxide ion oxidised bv electron loss and the oxygen remains in 
combination with hydrogen as water 

(c) When a solution of ^erne chloride treated with a solution 
of stannous chlondr*, fciris chJ iride is reduced to ferrous chloride 
while Stannous chloric. - is o<idi«^ed lo stan» ic chloride 
2FcCl^-f SnC I, - 2FcCI, f-SnCi* 

In this reaction, Fc^** an’ Sn^* actually rcaL" , the chloride 
•ons. Cl play no put 

Here, each feitn ion, Fc ® (oxidant) gainx one electron and is 
reduced to ferrous lor, I 

Fc'*'® -Fc-^Fc^® (Rcdn '0 

Each stannous ion, iivduc ant) on the other hand is 

oxidised to stannic ion, Sn^^ bx releasing two electrons. 

Sn^* 2e-»-Sn+* Oxidn ) (11) 

As the number of electrons lost by a reductant must be the same 
as the number of ^kc^rons captured bv an oxidant, the partial 
equatmn (i) is raulliplied by Now, 

2Fc+‘* ^2c->2Fc''® 
ard Sn+* -2e-^Sn^* 


By aadiDg, 
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Similarly, the following oxidation-reduction reactions are 
expressed in terms of electrons, (i) 2KI+Cla = 2 KCl+l 9 

Partial equation for the oxidising agent Cl,jf 2c->2Cr (i) 

„ „ „ ,, reducing agent 21 -2e-»I, (ii) 

By adding (i) & (ii) 2r-|-Cla = Ia-f 2Cr 

(2) Br,+HaS = 2HBrH-S 

Partial equation for oxidising agent Br,-f2c->2Br (i) 

0 

„ „ „ reducing ageiit H,S-2e-»2H‘H-S...(ii) 

Adding (i) and (ii) Br,+H,S = 2H++2Br''+S<‘ 

S" indicates the electrical neutrality of sclphur. An element in 
■the uncombined state is considered to have zero valency. 

The complete rules for balancing equations in terms of electrons (lon^Election 
'method) may be expressed as follows : 

(a) First of all the products of the reaction<i are to be ascertained, (b) Next 
partial equation for the oxidising agent (showing acceptance ot electrons) is to be 
set up. (c) fheoi partial equation for the reducing agent giving cut electrons 
is to be written in the same way. (d) Each partial equation (if required) is then 
multiplied by a suitable number so that when the two are added the electrons just 
cancel out. (e) The two partial equations are added and the substances which 
appear on both sides of the equation are cancelled. 

Experiment to show the electron-transfer in the reaction between 
ferric sulphate solution and potassinm iodide solution : 

That an oxidation-reduction process occurs with the transfer of 
electrons can be experimentally demonstrated in some cases. Let 
•us consider the reaction between ferric sulphate and potassium 
dodide solutions. 

To a few ml of ferric sulphate solution in a test tube, a few 
drops of potassium iodide solution are added. The brown colour 
of iodine will appear throughout the solution. 

Molecular equation : Fca(S 04 ) 8 -f 2 KI=" 2 FeS 04 + K,S0^ + J, 

Expressed in ionic form to illustrate electron transfer, this 
•equation becomes : 

Fe+*+c-»Fe+* 

Here, an electron is transferred from the Iodide ion to the ferric 
(Fc^*) ion. The iodide here reduces the ferric compound to ferrous 
•compound. 

The same reaction may be brought about without mixing up 
the two solutions, as follows. 

Potassium iodide solution and ferric sulphate solution are taken 
in two separate beakers. Each solution has a platinum electrode 
dipping into it.^ Now the two electrodes are joined to a sensitive 
voltmeter. The solutions in the two beakers are connected with a 
strip of filter paper soaked in common salt solution. This is known 
as a salt-bridge which completes the circuit. On careful observation, 
ft is found that the brown colour of iodine appears in the beaker 
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containing potassium iodide solution. This indicates that iodide 


ions are being oxidised to iodine, 
supply in the circuit, there is no 
electrolysis taking place, nor do 
the two solutions come into con- 
tact. Because the salt-bridge com- 
pletes a full electrical circuit, the 
electrons given up by the iodide 
ions are able to transfer to the 
Fe^^ ions in the other beaker and 
thereby carry out the reduction of 
ferric ions. The appearance of 
iodine around the electrode in the 
potassium iodide solution is a 
further indication of the part 
played by the electrons in this 
process. 


Since there is no direct current 



KisoiN/ r Cl (SO.), sot N 


Fig. 1(27) Electron transfer 


Inter-relation between the old 


in a redox reaction 


and the new concepts of oxidation and reduction : On careful 
examination, it is revealed that there is no fundamental difference 


between the old and the new concepts of oxidation and reduction. 
In support of this, some typical oxidation* reduction reactions are 
explained below in the light of earlier ideas and from the present 


electronic point of view. 

The combination of magnesium and oxygen giving magnesium 
oxide and the conversion of ferrous chloride into ferric chloride by 


chlorine are oxidation reactions. 


2Psdg+0,- 2MgO ; 2FeCla-l-Cl,=2FcCU 
According to the earliei concept, magnesium h oxidised to its 
oxide by addition of oxygen and oxygen is reduced simultaneously 
because it has combined with the electro-positive element magne- 
sium. Similarly, ferrous chloride gets oxidised into ferrric chloride 
as a result of increase I* the proportion of electro-negative element 
chlorine and chlorine has undergone reduction due to the addition 
of electro-positive element iron. 

According to the new idea, a neutral magnesium atom is oxidised 
to a magnesium ion, Mg+* by the loss of two electrons and the oxy- 
gen atom gets reduced by gaming two electrons lost by magnesium. 

Gain of 2 electrons per atom (Redn.) 

I i 

2Mg+0, = 2Mg+«0-» (or 2MgO) 

I t 

Loss of 2 electrons per atOL. (Oxidn.) 

Again, the reaction between ferrous chloride and chlorine can 
(be expressed lonically as follows : 

Gai n of 1 electron per atom (Red n.) 

I ^ 

2Fe++ -h Cl, »2Fc+*+ + 2Cr 

I t 

Luas ot i cieciroii per ion ^Oxido.) 
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ft IS clear that in the old definition of oxidatioiL the name of 
the non-metal or the electronegative element (acceptor of electrons> 
the addition or increase in the proportion of which causes oxidation 
of a substance is mentioned But according to present views, 
oxidation a process of electron loss and the name of the electron- 
acceptor may be kept silent 

Accoiding to the modern concept, reduction ij a process ot 
clectron-gdin Ihe name of the metal (including hydrogen) oi the 
electropositive element election donor caiisnv' reduction of a 
substance need not be mentioned always 

In the following reactions, 

Ho + Cl 2HCI and 2Na-hCl.,-2NaCI. 

Chlorine in both the cases is reduced as it has combined with 
hydrogen in the foimer reaction and with the electropositive clement 
sodium m the hitter In terms of electron transfer these leactions 
can be simply expicsscd as, 

H-c->ir Oxidn Na c-^Na"^ Oxidii 

Cl+e-^CI Redn Cl + c-^ Cl Rcdn 

H+Cl-^H"Cr I Na4-Cl->Na-*'CI 

or H« + Ci -2H ( I or 2Na-*hCl,>->2Na Cl 

In both the cases a neutial chlorine atom has been reduced to a 
chloride ion. Cl bv accepting one electron 

Although the old concept is correct m cvplaining the phenomena 
of oxidation and reduction the definitions ol these terms lu the 
light of clectron-transtci arc more general and uniC'-inctiVL The 
electronic concept gives a beltei insight into the redox process and 
explains satisfactorily — 

n the foimation ot anions horn nonmcials 

ii) the tormation of neutral metallic atoms tioni canons 

in') formation of cations from me'als 

iv lormatioii oi ne dial non mctaliic atoms irom ..mon' 

(V and rediKtiDii ^ind oxidaMon ol ionic species 

Behaviour oi livdorgen in melallic hydiides Oenciaily hydiogcii 
IS oxidised by g‘\ing up Us electron and hen».c acts as a reducing 
agent. 

H c (Oxidn. 

Bui m metallic hydrides like sodium h>di ide Nails calcium 
hydride 'CaH cU , hydiogcn is convened into hydride loii b^ 
accepting election ^nd consequently bcliavos as an oxidising agent 

Na c-^Na oxiuii.i i 114 cwH“ t Rcdn i hi) 

Ctnnbiiiing ( I and mi > Na-hil i e 2Na4-Hi> = 2NaH 

Ca- 2c ^Ca’ Oxidn 
2H4-2e 2H (Redn; 

Ca4“H_ — ^ CaHj. 



OXIDATION AND REDUCTION 


225 


Oxidation number . Although most of the reactions involving 
oxidation and reduction can be explained satisfactorily in terms of 
eleclron*loss and electron-gam, there are redox reactions where 
direct transfer of electron or electrons does not take place in the 
true sense Consequently, such icactions cannot be easily expressed 
in the light of electrons 

To extend the idea of electron-transfer in all c ises of oxidation, 
a new concept has been intioduccd This is the concept of oxidation 
number or oxidation state 

An atom foims itb ion either by losing oi gaining electron or 
electron^ When the atom loses electrons, it undergoes oxidation 
pi odncing the positive ion or cation while by gaining one or more 
electrons, the atom sufTeis i eduction with the formation of negative 
ion or anion flu positive ion of an element is its oxidised state 
aid i‘ : ncgilivc ion is the reduced state or negdti\c oxidition state 
of the element fioin which the ion is obt lined. The element in the 
fiee slaiL is rc^iided as in zero oxidation slate Therefoie, the 
oxid ttion state ol in element in a particular com cund is deter nined 
by the number of elections loH or gained by its atom during the 
lorm*aion of the compound The term o' idation nurabei is applied 
to signify the oMdalion stale ot the element n its co npo ands. 
If l* c itom lo es electrons or iindciiHKS oxidation in forming the 
wompo md it o-vilitioi number is positi\e An atom will ha\e 
•uiMciSv 0 X 1 j ition limber when it guii^ elccuons or undergoes 
redtir* on m ihu tmmiMon ot its compound 

Ihc coie I o\id ilion n imbei is the diicci dc\ elopment ol 
the lact ihai in in oxidation reJu^ tion s»m*jltaneous 

incitase in valence oxidn ) of one element and d<,ereise in valence 
Ttfin ) of i.iotlK lake pi ice It will seen shortl> that all redox 
ic\( L ois art itttti kd b> tin changes ot oxidation numbei This is 
why oxidilioi ii niibsi i ^onieimo ictwiiw I to as the valence 
inmibci 

1 ic cone^p ot oxid il o i state ot oxid ilion number can cusily be 
appl w I in I » -s ol CiCiroNcd n compounds Thus in the formation 
of magnesni n oxidv. mijnc^iurn atom loses two elo-tions which are 
accepted b> oul. atom oxygen Hence, magnesium oxide may be 
wiittci as M O So in the compound m »gnesium oxide, the 
oxid ition niimbwi ol niigiicsium is 2 and that ol oxvgen is 2 
Smiilail}, in the (ormalion ot Icinc cliloridc, an atom of iron loses 
thrct ckUrons whnh a»e ciptured by tiiret atoms of chlorine. 
Hence, th oxidation state or idation nurnbwr ol non is f- 3 and 
dial ol chlorine la 1 

fn the formatioi ol co\aJcnl compouiids no direct transfer of 
electrons takes place bt^lwoca tlic constituent atoms and the concept 
ol oxidation s^atc in it^ true sense cannot be applied in such cases. 
However* the idea of oxidation state has been extended in cases 
of bothaonic and non ionic compounds. 

15 
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, The oxidation number of an element in a particular compound 
may be defined as the net electric charge an atom of the element 
would bear if usual electron-transfer occurs due to the mutual 
oxidation and reduction of all the atoms constituting the molecule 
of the compound. 

Generally, the oxidation number of an element is similar to ns 
valency But whereas valency is a specific term defining the 
combining capacity of an element with other elements, the oxidation 
number is an obscure term. It is arbitrarily assigned to an atom in 
a compound and denotes the electric charge the atom would acquire 
when it is in the form of its ion The main difference between the 
two terms is that valency is always represented by a positive number 
but the oxidation number may be expressed by either positive or 
negative value. 

It is customary to put the oxidatiou number with -f or -sign on 
the top of the element to which it is assigned. 

Rules for fixing oxidation number : 

The oxidation number of an element in its compounds is 
determined according to certain rules which arc stated below. 

(i) The oxidation number of all elements in the free state (that 

(I 

is, uncombined with any other element) is zero, e g Mg, S, Clg^ 
Njj etc. 

(ii) The algebraic sum of the oxidation numbers of all the atoms 
constituting the molecule of a compound is always equal to zero 

(iii) The oxidation number of hydrogen in the combined state 

+ 1 

is always -h 1 eg, H^S 04 HCl etc, 

BzroptioTi ; In an innic hvdiidc like lithium bydridi )r .:iv)dinin hyJridi 

♦ l-I ♦!-! 

oxidation Dumler ol hydrogen ia —1. o.g. Jifl. Nftli 

(iv) The oxidation number of a metal is positive in all ii> 
compounds. 

(v) Oxygen in its compounds is normally assigned an oxidation 

4 9- ^ +1-2 +1 -Hi -V 

number of— 2 e.g. CuO, O, S O,. 

Exception — n) In hydrogen' -poroxido or in orbci i.tri'\iae9, ilq oxidation 

*4 1-1 41 -I -1 

number of oxygen is - 1. e.g. Na^Os , BaO, 

HI) Td F 9O, the oxidation numlicc uf oxygen is <f- ‘i bi'causc^ finorino ia moreolcciro 
negative than oxygen. 

On the basis of the above rules, the oxidation number of an 
atom of any element in a compound can be easily calculated when 
the oxidation numbers of atoms of other elements are known* The 
following are a few illustrative examples. 
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(i) Calculation of oxidation number of S in H^S04 : The 
oxidation numbers of hydrogen and oxygen are -r 1 and —2 
respectively. If x be the oxidation number of S, then 

2 A (-f l;+.x-i- 4 ^ ( 2) = O or x = 6 (oxidn. number of S) 

(ii) Oxidation number of Mn in KMn04 and K^MnO : The 
oxidation number of potassium and oxygen are -hi and —2 
respectively. 11 x be the oxidation number ot Mn in KMn04, then 

l-hX ’4X( 2»^0 -1-7 loxidn. mimber of Mn) 

Similarly, it can be shown that the oxidation number of Mn 
m K^MnO, is 6. 

(iii Oxidation number of Cl in KCIO and KCIO^ : 

The oxidation of K“ 1 and that of 0=— 2 , If jr be the 
oxidation number of Cl in KCIO 

1 -hx 3>( 2j=0orx==-f5 (oxidn. number of Cl in KCIO 3 ) 

In a similar manner, oxidation number of Cl in KCJO4 niay be 
calculated to be -V 7 

Some elements \hoth metals and non metals' like chromium, iron, 
nitrogen, sulphur etc. are capable of existing in several oxidation 
states or have several oxidation numbers. The oxidation numbers 
of carbon m its various compounds are from -4 to +4. e.g. 

Oxidn. nos. of C 

coj, caca4 ch^. c . h ^, 

♦ J 1-6 

Oxidn nos. of Cr . CrgO^,. K.2Cr^07 

„ „ Fe. FeCl^, FeClg 

Oxidn. nos. of N : 

-s -a o +i +a i-s ■»4 * +5 

NH,N^H4,N3. N,0,N0,N Oj.NaOi, N0O3. 

Oxidn. nos. of S H^S, SO2, S63, Na^SoOj 

The oxidation numbers of Mn in MnOo, KMn04 and K^MnO^ 
arc -+ 4, -t- 7 and +6 respectively. 

It is seen that in some higher oxides Nuch as ^6,04. PbiO^ etc, 
the oxidation number of the metal is not a whole number. 

Let the oxidation number of be in Fe^O^ be .v. Now the 
oxidation number of oxygen is —2. 

3xx + 4x(— 2)=s0 or 3x = 8 

or X 4 - 2*66 (oxidn. number of Fe) 

The oxidation number of oxygen in potassium super oxide (KO2) 
is‘0*5.;It is also seen that in some compounds, one of the constituent 
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eJemeiits jnay have oxidation number equal to zero. Let the oxidation 
number of carbon in glucose, C^HioOr is x. Now, the oxidation 
numbers of h>drogen and oxygen are -r 1 and -2 respectively. So, 

6-v-»-l>12 + ( 2X6) 0 /. x=0 

i.e. in glucose, the oxidation number of C is zero. Similarly, it 
can be shown (hat the oxidation number of carbon in formaldehyde 
(CH.^O) or cane sugar CigHooOn is zero. 

Oxidation and reduction in terms of oxidation number : The terms 
oxtdation and reduction may be redefined m terms of oxidation 
number. 

Oxidation is a process which raise, the oxidation number of one 
of the constituent elements of the substance whicli is oxidised while 
reduction brings a corresjiondmg fall in the oxidation number of one 
of the elements constituting the substance which sulTers reduction. 
For example, in the redox reaction between potassium iodide solution 
and an acidified solution of potassium permanganate, potassium 
iodide is oxidised to free iodine and potassium pcimanganate gets 
reduced to manganous salt. 

:K:Mn 04 + lOKI + 8H,.SO» -- 5Jo 4 6K -f 2MnSO^ -|- SH.O 

Here, oxidation numbers of iodine atom in Kl and 1^ are I and 
O ^zero rcspcctivelv 

increase in oxidn. no. by 4-1 unit (- 1 -^0' 

Conversely, oxidation numbers of Mil in IvMnOi and MnS 04 . 
are -t? and +2 respectively. /, Decrease in oxidn number b> -1-5 
units (4‘7-> + 2\ 

Similar increase and decrease in oxidation numbers of the 
elements oxidised and reduced maybe illu pirated b> the loJlowing 


reactions involving oxidation and reduction. 

, 

,11 

2His + SOo 

+ 2HjO 

(2) 

MnO^ + 4HC1 =~CI. 

1 

4 ^ 

+ MnClj+2H^O 


Balancing of equations by Oxidation number » We know that 
oxidation is the algebraic increase in the oxidaiion number of an 
element and conversely reduction causes a decrease in the oxidation 
number of an clement. 

It is also known that in a redox reaction, the increase in oxidation 
number of the element due to oxidation must be equal to the 
decrease in oxidation number of the element sulTcring reduction. To 
balance the equations of redox reactions by oxidation number 
method, the following steps are followed. 
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(i) Correct formulae of the oxidant and reductant and those of 
the products are written in the form of a skeleton ( unbalanced ) 
equation. 

fii) The key-element* in the oxidising agent is selected and 
decrease in the oxidation number of it in the reaction is calculated. 
Let the number showing the decrease be x. 

(^iii) The key-element in reducing agent is then chosen and the 
increase in the oxidation number of the element is similarly found 
out. Let the number showing the increase be y. To make the total 
changes in oxidation numbers of the key-elements equaK the 
oxidising and the reducing agents must react in the molecular ratio 
V : y, i.e the change in oxidation number of the key-clement of the 
oxidising agent is used as a coefficient of the reducing agent and 
\'ice versa. If any common factor is present, it is cleared out. 

(iv; The coefficients of other molecules and ions which do not 
siiiTer oxidation or reduction are adjusted as and when required to 
get the balanced equation. 

The method of balancing equations of redox reactions by 
oxidation number is illustrated by the following examples. The 
oxidation number of ihe element in a compound undergoing oxida- 
tion or reduction is indicated by putting the same with necessary 
positive or negati\e sign on the top of the clement. 

(A) In the reaction of metallic zinc and dilute hydrochloric 
acid, /me reduces the acid to hydrogen and the metal is oxidised 
into zinc chloride by taking up the electronegative element, chlorine. 

o » - j o 

Zn 4 -HCI->ZnCl 2 'f-Hj (unbalanced'" 

In this reaction, the xidation number of zinc in the metallic 
it ate is O and that in ZnCL is 4- 2. 

Increase in oxidation mu iber of zinc due to oxidat.oQ is 
2 units (from 0-“> -1-2) 

Similarly the deciease in oxidation number of hydrogen due to 
reduction is I unit (-i-l-^O) 

Therefore, Zn and HCl should read in the molecular ratio 
1 : 2 to make the changes in oxidation number equal in iwo cases. 
It is obvious that there must be two 2 hydrogen atoms (2 molecules 
of HCl) on the left side of the equation. 

Zn + 2HC1- ZnClg + H.^ (complete or balanced equation). 

(B) Carbon on being heated with cone, sulphuric acid is 
oxidised to carbon dioxide and sulphuric acid is reduced to sulphur 

*Tho koy-clemeut mcaus the clemonc whith st qwb variable valency in Its Tarfoa<3 
compounds. 
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dioxide at the same time. In this redox reaction, acid is the oxi- 
dant, the key-element of which is sulphur ; carbon is the reductani. 

C+H2SO4— >C02"I“ SO2+H2O (unbalanced) 

Here, oxidation number of carbon in the free state is O but the 
oxidation number of the element in carbon dioxide is 4-4. So the 
oxidation number of carbon atom is increased by 4 units (0->‘+4). 
Again, the oxidation number of sulphur changes from H-b in H^S04 
to 4 4 in SOo. Thus, S suflfers a decrease of 42 units (46-^44) in 
oxidation niimbei. To equalise the increase and decrease in oxidation 
number. C and HaSO-j. should react m J s 2 molar proportion. 

C42H2SO4 -C02 4S024Ha0 (unbalanced) 

Here, 2 molecules of HoSO^ will give 2 molecules of SO2, So, 
to get the balanced equation, the number of oxygen atoms and that 
of hydrogen atoms will have to be kept equal in both sides of the 
equation. 

/. C42HoS04=-C02 42S02 42H20 (balanced) 

\Ci Dilute nitric acid oxidises hydiogen sulphide to sulphui 
and it itself is reduced to nitric oxide 

HNO 441128-^84 NO 4 I unbalanced^ 

Here, decrease in oxidation number of nitrogen- 4 3( 5-> 4-2) 

and increase in oxidation number of sulphur - 2( 2 «0). In order 

to make the total changes in oxidation number of the two elements 
equal. 2 atoms of nitrogen and 3 atoms of sulphur arc required, i.e. 
HNO , and H2S should react in the molecular ratio 2 * 3. 

2HNO} 3H^S--3S44H,042N0 (baiancedi 

iDy Ferrous chloride on being treated with chlorine is oxidised 

to ferric chloride. 

+ > \ 

FeCl2 4 Cl2-^FcCl3 umbalanced' 

In the above reaction, the oxidation numbei of he in FeCI^ is 
42 and that in FeCL IS 4 3. Therclore. the increase in oxidation 
number of he due to oxidation - 1 1(4 31 Fii a similar way, 

it can be shown that the oxidation numbei of chlorine has been 
decreased by — 1 f'O-*- 1). Since 1 molecule of chlorine (i.e. 2 

atoms of chlorine) is involved, FcCl, and Cl 2 should react in the 
molecular ratio 2 : I so as to make the total changes in oxidation 
number of the two elements equal. Thus, 

2FeC1.2 Cla=2FeCl3 (balanced' 

(£) Sulphur dioxide oxidises hydrogen sulphide to elementar> 
sulphur and it itself is reduced to the same element 

r ~ i 

^a+HoS “♦S+HflO + S (Incomplete) 

I. ^ t 
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Here, decrease in oxidation number of S of SO2 — 4 unit$(4'4->0) 
and increase in oxidation number of S of H2S- 2 units ( - 2 to 0)^ 

/. To make the changes in oxidation number equal, two 
molecules of H2S are required. 

Balanced equation is S02+2Hs»S~3S4'2H20 

(F) To balance the following equation by oxidation number 
method : Cu + HN03-^Cu(N03)2 + N0 + H20 

i.e. Cu 4 HNb3->Cu?N03)2+N6+H20 

Here, Cu is oxidised Mue to increase in oxidation number) 

and N is reduced (due to decrease in oxidation number). 

Increase in oxidation number of Cu-2 units (0^ + 2) 

Decrease,, „ „ „ 3 units (-*-5-^ + 2) 

To equalize the increase and decrease in oxidation number. 
Cu and HNO should react in the molecular ratio 3 : 2 i.e. 

3Cu 4 2HN03-43CufN0 O2 2NO + H3O (Incomplete) 

Since, 3 molecules of CiifNO )2, contains 6(NO ,) radicals, six 
more molecules of HNO ^ will be required to balance the equation. 

The balanced reaction is iCu+SHNOj- 3Cu(N03)2 + 2NO+4H O 

fC) When aluminium powder is added to heated caustic soda 
solution, sodium aluminate and gaseous hydrogen are formed. 

‘a 1+ NaOH+ H ,0 - NaAlO, -HHa 

Here, A1 is oxidised (due to the increase of oxidation number) 
and H atoms of NaOH and water have undergone reduction (due to 
the dccieasc in oxidatio : number). 

Increase in oxidation number of aluminium 3 units (0-4+3) 
Decrease in oxidation nurabei of H»of NaOH- 1 unit (+1 -^0) 
and decrease in oudation number of 2H atoms- 2 units (+1^0) 
/• Total decrease in oxidation number 1 + 2 or 3 units 

Al, NaOH and H^O should react in the molecular ratio 
1 : I : 1 so that the total changes in the oxidation number become 
equal i.e. Al-f NaOH+HjO-^NaAlOy + H^j (unbalanced) 

To get equal number of H atoms on both sides of the equation, 
the reactants must react in the molecular ratio 2:2:2. 

2Al+2Na0H + 2H20-* 2NaA10, + 3H2 (balanced) 

(H) Iron disulphide on being heated with oxygen is oxidised 
into ferric xide. 

FeS^+Orf-^Fc.Os+SO^^ (unbalanced) 
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Here, both the constituents Fe and S of FeSj molecule ha\ e 
suffered oxidation. 

y*2 • i 

Fe->Fe , Increase in oxidn. no 1 unit ( l-2-> + 3) 

+ 4 

S S , Increase in oxidn no- 5 units { 1 +4) 

Inciease in oxidn no for 2 S atoms 2-5 10 units 

/. Total increase in oxidn no for each molecule of 
rcS2 1 f-lO oi 11 units 

Again, 

<1 2 

O O, Deci ease in oxidn no 2 units (0-4 2) 

o 

20 20 total decrease in oxidn no 2*2 ^ uniN 

.* FeS and O should react in the molcculai propoitioii 
4 11 in Older to make the changes in oxidation numbci equal 

/. The balanced equation is 4tcS2-i“ 1 10^-^2hL O +bSO 

<l) As a resiill of icact ion between furious sulphate and potasaum 
pcrmanganvite in dilute sulphuric acid solution, lei i ous sulphate s 
oxidised to ferric sulphate and perm i ganate is simultaneo i ly 
reduced to manga i ou > sulphate 

KMn04-fFk0j+n2S0^-^K>S()-j ^MnSO, Fc (SO, 

t 11 ,0 (unbahau 

Here decrease in oxidition number ol Mn dut to reduction 
is 5 units ( 7-4 -r 2 and incicase of oxidation numbci oi 1 c due 
to oxidation is 1 umt (-1-2-4 i-3) 

The total changes m the oxidation nu nb^r of lh». two 
elements become cqua when KMnOj ind I (^S04 iCc*et ii the 
molecular ra lo 1 5. 

Now, one of the pi od'icts ferric sulphate Fc2(b04'.» contains 
2 atoms of iron in its single moIccuL So, to get a balanced 
equation, the molecular ratio must be multiplied by 2 7 hus, 

2KMn04 lOFeSO, 4- xH.SO^-^K SO, -f 2MnS04 

-F-'^Fe (SO,) 4 xH O (unbalanced) 

On careful scrutiny, it is fourd that when \ i’> assigned a 
numencal value of 8 we get the balanced equation 

/. 2KMnO, 4 10reSO4 - 8H^SO, K^,S04 4 2MnS04 

4'5Fe2(SO J ^4 8H Oikilanced) 

(J) Potassium pc manganatc oxidises cone, hydrochloric acid to 
chlorine and it itself undergoes reduction forming manganous salt 

47 -1 42 0 

KMn04 + HCl KCl MnCl2 4CJ^4H30 (unbalanced) 
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Here, oxidation number of Mn in KMnO^ (oxidant) has been 
decreased by •♦SunitsC 7-> + 2), and oxidation number of Cl in 
HQ (reductant) is increased by +1 unit (-1 ^0), therefore KMnO^ 
and HCl should react in the molecular ratio 1 : 5 to make the total 
changes in oxidation numbers of Mn and Cl equal. Again the 
molecule of chlorine consists of two atoms and the above ratio 
should be multiplied by 2 i.e. the reactants should react in the 
molecular ratio 2:10. Since KCl and MnClo are the two products 
formed from KMn 04 , some more chlorine atoms (i.e. some more 
HCl molecules) are required to balance the equation Thus, 

2KMnOt-v flO-i' v) HCI-^2KCl + 2MnCI .H-SClo + vS-h?) H O 

(unbalanced) 

On careful scrutiny of the above equation, it is revealed that the 
value of X in 6. Therefore, the complete balanced equation is 
2KMnO,-hl6HCl 2KC1 + 2MnCl -w + 8HoO. 

A few more examples of balancing equations by oxidation number 
method : 

'a) H S reacts w.tb FeCI * pioducing FeCl>. HCl wind S. 

3 - 2^2 0 

Fed 4 H S > Fed , 4 HCl 4 S 

2heCI tli S 2hea>2HCl4SibulanLcdi 

h) Sulphur reacts with hot cone. H«SO, to f >rm SO-, and HoO 
0 0 -I 4 

S4 H SO^->SO 4H O 
S f 2H SO^ 3S0,42H.0. (balanced) 

« I HNO^ and HI interact to foim NO, I . and H O. 

-^5 4? 0 

HNO , 4 HI NO * 4H O 

HNO,4 3HT N043I_>4H O (incomplete; 

Since 3 molcciiJes or I are liberated, 6 HI molecules are 
required. 

.* 2HN0,4 6H1 = 2N0 + 31.,4 4H O (balanced) 

(d) MnO react'' with hot cone. HCl to form MnCl ,CI andHoO* 
-+4 I *2 o 
MnO. * HCl MnCl 4 Cl H O 
MnO,^2HCl MnCl Cl, ^ H O 

Since the right hand side of the equation contains two chloride 
ions, two more molecules of HCl are required 

MnO,4 4HCl MnCl -f CL, 4 2H O (balanced) 

Sometimes, one constituent element of a substance Is oxidised 
while another constituent element of the same substance is reduced 
e.g. -*'5 2 -10 

2K Cl Os = 2KC1 430jj 
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In KCIO;s, the oxidation numbers of chlorine and oxygen are 4-5 
and —2 respectively Again, the oxidation number of chlorine 'in 
KCl IS ~1 and that of oxygen in 0> IS O So, m this reaction, 
the oadation number of chlorine has been decreased (+5-> — 1 ) 
and that of oxygen has been increased (— 2->0) Here, chlorine of 
KC10« has undergone oxidation On the other hand, oxygen of the 
same compound has suffered reduction. So the above reaction is 
undoubtedly a redox leaction 

It IS also to be noted that there arc some reactions as shown 
below where a single chemical substance is converted into two 
products, one of which is the oxidised prod ict and the other is the 
reduced one This type ol oxidation-reduction reaction is called 
disproportionation White phosphorus when heated with caustic 
soda solution is i educed to phosphine (PH J and is simultaneously 
oxidised to sodium hypophosphite (NiH^PO ) This ledox reaction 
will be clearly understood if the changes in oxidation number ol 
phosphorus arc carefully noted 
oxidised 

I "■ i 

0 -3 

4P+3Na0H3-3H20=“PH3-h3NaH PO, 

1 t 

Reduced 

Some more reactions of this type arc eivcn below 
la) Cl 4-2NaOH-NaCl+NaOCl+H O 
Oxidised 

I 4^ 

00 -1 -n 

or Cl+Cl 2NaOH-NaCl4NaOCl+H O 

I T 

Reduced 

(A) 3a,+6NaOH- SNdCi+NaClO^ 3 H O 

0 —1+5 

or, 3 CI 2 6 NaOH 5NaCI 4-NaClO +3H O 

The unbalanced equation ina> be written as 
-1 f5 

Cl +Na 0 H-»NaCI+NaC 103 +H O 
Ox^iscd _ _ _ 

l~ ^ 

0 0 -1+5 

or, CJ+Cl+NaOH-*-Nda + NaCiOs+H O 

1 i 


Reduced 
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Here, the oxidation number of chlorine has decreased by 1 unit 
(0-»- 1) in the formation of NaCi and the same has increased by 
Simits (0 ^ + 5) in forming NaC10<,. So, to make the changes in 
oxidation number equal, the products NaCl and NaClO.^ should be 
in the molecular proportion 5:1. Now, for oxidation 5 atoms of 
chlorino and for reduction I atom of chlorine arc required. So, 
6 atoms or 3 molecules of chlorine are involved in the reaction. 
Again for the formation of 5 molecules of NaCI and I molecule of 
NaCIO*^, six atoms of Na are required i.c. 6 molecules of NaOH are 
required. 

the balanced equation is 3Cljf 4 6NaOH=^5NaCl+NaClOs + 3H2O 

(c) Nitrous acid (HNO J on long standing or heating decomposes 
into nitric acid (HNO and nitric oxide (NO). 

I Oxidised I 

3 HNO 3 HN 03 - 2 N 0 *H ,0 
I Reduced f 

li no constituent element of the reactant or the reactants suffers 
any change in (he oxidation number, the reaction does not fall under 
the category of redox reactions. Zme and ferrous sulphide react 
separately with dilute sulphuric acid giving hydrogen and hydrogen 
‘^nlphidc. 

Zn + hIsO^ -- ZnSO^ + H, 

FeS H SO4 -= FeSO, -f H S 

In the first equation, the oxidation numbers of both zinc and 
hydrogen are changed. So, it is a redox reaction , the second equation 
does not represent a redox reaction as the oxidation numbers of 
all the elements have emained unaltered. 

A netutralisation process i5» never a redox reaction since no change 
of any of the constituent elements of the acid and the base occurs*. 

HCl 4 NaOH NaCl 4 H,0 

MgO HgSot Mgs64 4- H O 

From the above discussions, the terms oxidation and redaction 
may be defined completely in the follwmg manner. 

Oxidation : Oxidation is the process in which (1) oxygen or any 
other electronegative element or a radical is added to a subtance.. 
(Ti) the positive valency of an clement or a radical is increased, 
(iii hydrogen or any other electronegative element or a radical is 
removed from a substance, (iv) an atom, ion or a molecule loses 
one or more electrons, (v) algebraic increase in the oxidation 
number of an element takes place. 
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Reduction : Reduction is the process in which (i) hydrogen or 
any other electro positive clement or a radical is added to a 
substance, (ii) the positive valency of an element is decreased, 
(ill) oxygen or any other electronegative element or radical is 
removed from a substance, (iv) an atom or ion gams one or more 
electrons, (\) decrease in (he oxid.ition number of an element occurs. 

Some more oxidation reduction reactions arc given lieie The 
substances that arc oxidised or reduced aie also indicated. 

Reaction ( _ _ 

2Na + Hg - 2NaH Na oxidi -ed ; H j-rcduccd. 

NaH-tHgO NaOH+H., NaH ,. ; H.O 

SMg-iNa Mg,N, Mg ., ; Ng 

Ig+HjS 2H1 ♦s' H S „ , 1, 

Zn H 0 SO 4 - ZiiSO^ + Hg Zn ., ;H.S 04 „ 

H3S42FeCl,- 2 FeCl 3 ^ 2HCI + S H S „ ; FcCl , „ 

CgH^ ■ Br, C>H 4 Bro C 0 H 4 , , Hr, 

CuClg + Cu- 2CuCl “ Cii . ; CuClg ,. 

.3CuO • 2 NHt N, ♦ 3HoO + 3Cu NH. ; CuO 

Pb0.g 4HCl-Pbdo 2H.OiCt^ HCl ; PbO.. .. 

2 H S 4 SO > - 3 S 2 H .0 US , ; SO , ' . 

SOg Clg>2HsO 2HC1 iHoS 04 SO, , Cl/ 

MnO +2NaCI 3H..SO,- SaCl oiUisi 1 , ii.jO,-r'du . J. 

MnSO^ 4- 2NaHSO . + Cl , 4 - 2 H .O 

KoCr« 07 -^ 6 HI 7H O' KT .. , KgCr.O. .. 

4 K 0 SO 4 +Cr (SO ,}4 31 « t 7H«0 
AgCN CN--^.(Ag(rN'r]- ■ CN- . ; AgCN 

SnSo S -SnS - ' S" , SnS , 

NH4N02-4-N,, • 2 H 2 O NH 4 ' „ . NO - 

(NH,NO, oxidised and red ^cd 
Cl 2 4-H,0-H0C14-HCl C1 ,-pHOC 1 (Oxidni' 

C1.->HC1 (Red ) 
31,4-6Na0H = NaI0.4-5Nar Ig-^NalO, (Oxid.- ) 

1-lH O Is-»Naf vRd" i 

2KC10*=2KCI4-30, * KCIO^-^O. ,Oxid'j,> 

KCIO 4 -KCI Red'- ) 

4KC10, = 2KC104 4-2KC1 KCIO -*KC104(0xid“ } 

_ KC10-.-»KCI Rcdn 


Some substances can act as both oxidising agents and reducing agents. 


Bub tnu ti i 

1 IvtHtliou ho in. 

1 hrat-tioii HU ing 


0 i i ma ro 0 tv 

1 '0 m mp nrooertv 

Kit oas ao d 

f hit^O 

*-2HBr+HNOs 

tsOj + atlNO, i 2N0 

Saipbni 

S0,+2HaS=«3S-l-H,0 

2KMn04f5S0, + JlI 0^ 

dioRit^e 


KaRO, + 2Mn804+ 2H,804 

IlydiogGH 

PbS+4H,0, 

AgaO + HaO,»2Ag hHaO+Og 

pe oxide 

«PbS0* + 4H,0 
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Electro potential series of metals . We know that the metals 
(including the non metal hydrogen) tend to lose one or more 
electrons and form positive ions or cations. 

- xe (e electron , x- number 

M of electrons lost by the metal 

al lioui OaliiOn 

of a metal 

But the degree of this tendency is not the same for all the metals 
The higher the tendency to ionise the greater r the reducing 
power of the meta! Based on this tendency, the metals have been 

arranged in a sene> thus the scries in which the metals are 

arranged in order of their decreasing tendency to give up electrons 
and to form positive ions is called the elecrropotential series or the 
electro chemical series of the metals 

In the electro chemical series, the most electropositive metals 
with stronger reducing ability are at the lop while the least electro 
P'lsn ve metals with weakei reducing power are at the bottom. 

In oidci to get i correct idea of the piinciplc on wh»ch the 
in in’cmcnt of met i s m the senes is baset one mint clearly under- 
si ind the meaning ol the tcni elcctriv potential 

When a mctcil i'» imnicrswd in i solution containing its own ions 
cithf’* if the two po sible but opposite reactions may take place 
fhe neutral itoms ol the metal may pass into the olution in the 
I irni st It ])0 It’ e’y ih iigcd ion by losing ilcetrons or the ions in 
the sstution m ty torm the neiitiaJ atoms and deposit on the metal. 
1 or esimple wlun a ’’ine lod is partially imme»- ed in a solution 
ol / hl siilph..le a nunulc amount ot /me is found to ionise and 
goi s nto the col'ition in the form of /n^'" lon^ . nd eaeh zinc atom 
while passing m the ionic state leaves behind two electrons in the 
met 5 rod /n - 2e Consequently the /me becomes negatively 
eh irged relilive to ihc solution and an electra potential set up 
between the melal and the solution I he negative charge on the 


met 1 doe', no I illow the loi s to move lai aw i> l-'orn the metal 
On (lie otiKr hand i( a rod ot copper is kepr in conUct with a 
soJut on ot coppei sulphate a minute amount of copper ions is 
;.oiu ;jrted into ccppcr ‘tom and deposit-. i n the metil rod During 

the deposition each Cu'^’*’ 




loi takes up two electrons 
from the metal 

Cu^ +2e Cu. 

As a result the copper 
aequiics a positive charge 
leaving the solation negatively 
ch irged. Here, also a poten- 
tial dilferenee exists betwe^ 
the metal and the solution. 
Each metal when surrounded 
by Its own ions m solution 


Fig. 1 ( 28 * Eiootrude potontiai Will torm a Simple electrode 

which IS associated with, a definite electrical potential Thiis> by 
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iimnersing a inetal ip its normal solution (i.c. solution contRining one 
gm-jon per litre), it is possible to compare the ionising tendency or 
reduction ability of different metals. 


For assigning numerical values to the electrode potentials, it is 
necessary to choose a standard electrode and fix an arbitrary value 
to the potential of the same. In practice, the standard electrode 
used for comparison of all electrode potentials is the hydrogen 
electrode in which pure hydrogen gas at one atmosphere pressure 


is kept in contact with an 
acid solution containing H 
at unit concentration. The 
potential of this electrode is 
arbitrarily taken as zero The 
electrode potentials of some 
familiar metals under the 
standard condition are shown 
in the adjacent table. 

The standard electrode 
potential is a measure of the 
electropositive c aracter of 
the metal From the tabic, 
it is clear that the metals 
are arranged in the electro 
chemical series in order of increasing standard electrode potentials. 
The greater the negative value of the potential, the greater is the 
tendency for a iiictal to ionise 

This series may be used as a guide to decide the relative chemical 
reactivities of the elements. 


Metal 

K 

Na 

Ca 

Mg 

A1 

Zn 

Fe 

Pb 

n 

Cu 

Ag 

Au 


Standard 

electrode potential 

- 2 92 
-2 71 
-1 87 

- J ^5 
1*63 

-0*75b 
-0 441 
13 

0 00 
■f079 
-h0*799 
-hrs 


(A) Reducing action s The metal occupying the higher position 
in the series will have greater tendency to gi\e up electrons and will 
behave as a stronger reducing agent than the metal in the lower 
position Thus, aluminium is a stronger rediictant than iron 

(B) Displacement reaction ; A metal higher up in the *crics 
displaces a metal below it from the solution of its salts. Thus, 
iron displaces copper from a CuSO^ solution Iron occupie> a 
higher position in the electro potential series ol metals than copper 
and goes into the solution forming ions by loss of electrons. 

CuS 04 -l'Fe- FeSO^ -fCu I or, +Fe.-'Fc^+ f Cu 4- 
Similarly, silver is displaced by zinc from a solution of silver nitrate. 
2 AgN 03 -hZn--- Zn^NO^l, +2 Ag I or, 2 Ag^^'+Zn-^Zn^" +2Ag I 

The above displacement reactions arc illustrated by the following 

experiments. 

An iron nail is placed in a copper sulphate solution taken in a 
beaker After some time, a red deposit of copper is found on 
the iron nail The copper has been displaced from the solution by 
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iron which has gone into the solution forming ferrous sulphate. 
IFig. 1 29 ] 

A solution of silver nitrate of moderate concentration is taken 
in a beaker having a zinc rod fixed on a cork at the bottom. After 
some time, a beautiful tree-like growth of siKer crystals is found 
round the rod This is known as the silver tree [Fig. 1(30)1 


CuS04 

SOLN. 



IRON NAIL 


RED COAT 
OF COPPER 
ON 

IRON NAIL 



SILVER 

"TRfcL 


.Aa NOi 
SOLN 

ZINC ROD 
HXED IN 
CORK 


Fig 1 29 Hi pU emcnt ul 
coppoc by iron 


Pig 1(^0* I bmeat of 
k•iL\e^ t>} Kinu - Ml er ftiou 


Tbc tevo.s. rciction i no oi la uid to oconr. THre .8 no ch»D(,r when .oppir if 

nddoi to torrotts aulthtttc so ution ot bllvoi OKU iH'vec dupUco 7ina liom m kotatnii 

of zint iiitfitf* 

(Cl Displacement of hydrogen from watei and acids : Metals 
above hydrogen (with the exception of lead and tin) are capaUc 
of displacing hydrogen from water. The higher the metal in the 
^ciies, the more \igorous is the reaction with watei (Vide reactions 
of metals with water given m the Chapter 2 under. Group B of this 
book). Metals (below hydrogen in the senes' like Cu. Hg, Ag do not 
react with water liberating hydrogen. 

Similarly, metals preceding hydrogen t with the exception of 
lead ) can liberate hydrogen from dil. mineral acids like dtl. HCl, 
H,,S 04 but the metals following hydrogen aie unable to do so. 

(D) Combiniition with oxygen and chlorine • The ease of 
formation, basic nature and stability of the metallic oxides (or 
rides) increase with the increasing electropositive characters of the 

metals. Consequently, the metal higher up in the series possffises 
greater tendency to combine with oxygen and chlorine to form 
Its oxide and chloride rcspectixely than the metal below it. 

Thus sodium and potassium form stable oxides when the 
metals come tn contact with oxygen. Magnesium, zinc, aluminium 
etc combine with oxygen at high temperatures. 

The oxides of the metals above and upto aluminium (with the 
exception of magnesium) are too stable to be reduced by heated 
carbon or by hydrogen even at very high temperatures. The stability 
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of the oxides of the metals below alumiaium gradually falls with< 
the decreasing electropositiveness of the metals. The oxides of the 
metals below aluminium are reduced to the respective metals by 
heated carbon. The metals like copper, silver, mercury form 
oxides with difficulty. The oxide of copper is reduced to the metal 
when heated in a current of hydrogen. 1 he oxides of silver and 
mercury etc arc even decomposed to produce oKygen by heat 
alone. This accounts for the fact that cupric oxide, silver oxide 
have oxidising piupcrties while NUj^O or K^O docs not have this 
property. 

The affinity of metals for chlorine and the stability of metallic 
chlorides can similarly be explained. 


N B Tt 1 


Non metals 

Plo rliio 
Oxviiru 
Ohio 1110 
Bio I in( 

Todino 

Snlpbur 
Plio< 9 pboras 
Nifciospn 
( a bon 


e note I ibai Lh» uoii-iiJc1al<i b<kie also lutn artauped acoording 
to thi dciKiising ordo of thi r tui cu ks to accept 
iket oil-* lo dccreaniig order ol clictio ncgativu 
eba acUr. 


be jmixjo i 0 u 
iodide. 


poUi lum 


Prom ihf ad]a(cnt' table it io okai Ihnt chlornib 
IS n o ec*«.vtrc) Hf ^ t M elctmiiL with greater ton- 
dfuc' tv# take up di tioji than b online or other uoi 
mt ) bi low ]t Thu , « Mofiui beh^voi aaabtrou- 
g(r oxidising a»(nt t an bicrnmo and iodine. 
Convorioly a more c’t 'ro negative tlrment will 
diH^lac* a loss < Intro ni alivi dean’iit from its 

fomliinai on wil • a metil i g. ihioniu displapos 

biomidi whi^e biomnn dispian • i(din» from pat assiuiL. 


2KBr + Cla-*2KCl+Bra ‘>KH-Bra iKBr-t la 


Use of oxidation number in calculating chemical equivalents * 
We know that in most cases the oxidation number of an clement in a 
particular compound is equal to the number denotinu its valencv 
So, from the change in oxidation number of an element whieh takes 
place in a redox reaction either in (he free state or m combination 
the equivalent weight of the element can be calculaled using the 
following 1 elation. 

Chemical equivalent 

Molecular weight of the element 

Total change in oxidation number ol the element 

If will be clear from the following conversions 

4-5 0 0 -3 

u) HNO3 N3 (n) -NH 

In the first case, the oxidation number of nitrogen is decreased 
by 5 units (+5-^0; 

Equivalent weight of nitrogen^ -i?-- 2*8 

in the second case, nitrogen suffers a decrease of 3 units — 3 
in oxidation number. So the equivalent weight of nitrogen 

r V --4 68. 
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Eqaivalent weight of ao oxidising agent and a reducing agent : 

The equivalent weight of an oxidising agent is defined as the 
parts by weight of the substance which contains 8’00 parts by weight 
of available oxygen ( or its equivalent ). 

Or reacts with 1*008 parts by weight of available hydiogen (or its 
equivalent) 

By "available’ is meant capable of being utilised in the oxidation. 

The equivalent weight of KMn 04 or maybe calculated 

as — 

2KMnOi“ K20 + 2Mn0+5, O • (I 

2 KMn 04 4-3H3S04- KoS 04 + 2 MnS 04 + 3Ha0 + 5, 0--(2) 

hrom the hypothetical equation (1) or the equation (2) in acid 
medium, it is teen that two molecules of KMn 04 J^upply 5 atoms of 
oxygen which may be utilised in the oxidation process 

Sc>, equivalent weight of KMnO^ ~ 


Mol wt. ^KMnO, _ m 
“ “5 5‘ 


=-31*6 


T' c equivalent weight of Kj^CrjO, may be s-milarly determined. 
^ ^^ 2 ^ + CroO . + 3, 0 iHypotbetical equation)'- (l) 

- 41L^SO^ - K,,SOt4-Cr;;(SO,\ + 4H.O + 3, O^in acid 

medium) - (2) 


f-q. of K Cr O,- ^Mol. wt of K^Cr.O- 

o 6 

^49*04 


Ac.v^rding to the modern concept, ovidation is a process which 
resL ' s 111 the loss of oi... oi more electrons h\ atoms or ions, So, 
the equivalcri v^eiglit of an oxidising agent ’» the molecular 
weight of the snbsumce divid* d by the loial number of electrons 
gained bv the oviJising ion pe* molecule of tlic oxidant. In the 
acid uedusm. the partial lonie equations for normal reduction of 
KMrdJ . and K^^Cr O, arc as follows : 

MnOr 1 Mn'^+dHA) 

Cr.O.““4'14[r 4-6e=2Cr^"^ r 7H O. 

, , Mol. wi. of KMnO ^ , Mo’, wt. of K ,Cr .>07 ... . 

iJence, - .iUd ^--wiUin- 

J o 

dicate the equivalent weigi.ts of KMnOi K^Cr^Oy respectively. 

'Ihe equivalent weight of an oxidising agent may also be 
detei mined by the change of oxidation number which the reduced 
element suffers. It may be defined as the quantity of the oxidising 

16 
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agent which involves a change of one unit in the oxidation number. 

Hence, the equivalent weight of an oxidant 
Mol. wt, of oxidant 

rs ■■■ . , , - 

Total changes in oxidation state 

In presence of dil. sulphuric acid, KMn04 reduced to 
MnS04. 

+7 +2 

KMn04 MnS04 

Hence, the change in oxidation number of Mn is from -i-7 to f 2 
( decreased by +5 units ). 

Eq. wt of KMnO^ is equal to the J th of the mol. wt. of 
KMn04. 

Similarly, the equivalent weight of a reducing agcrt may be 
defined as — 

(i) the parts by weight of the substance which contains 1 *008 
parts by weight of available hydrogen ( or its equivalent ) or reacts 
with 8*00 parts by weight of oxygen ( or its equivalent ). 

(ii) the molecular weight of the substance divided by the total 
number of electrons lost by each reducing ion of the reductant. 


(iii) the molecular weight of the substance divided by the total 
change in oxidation number which one atom of tho» oxidised 
clement experiences. 

Let us consider the oxidation of ferrous sulphate to ferric sulphate. 
The partial ionic equation for this conversion is as follows : 


— e (loss of 1 electron by one reducing ion per 

molecule of the reductani i 


• • 


Eq. wt. of FCSO4 


Mol. wt. of FeS04 
~1 


According to the concept of oxidation number, the conversion of 
ferrous sulphate into ferric sulphate may be depicted as follows : 

+ 2 +3 

2 FeS 04 Fea(S 04 ) . 

Here, the change in oxidation number per atom of irc»n is from 
+2 'to +3, or by one unit ot oxidation. 

The eq. wt of FeS04 is equal to its molecular weight 
divided by 1. So, the equivalent weight and molecular weight of 
a^ferrous salt are identical. 



CHAPTER 8 
THE GAS LAWS 

Characteristics of the gaseous state : We know that matter 
exists in three different states — solid, liquid and gaseous. Of the 
three states, the gaseous state has certain characteristics which 
distinguish it from the other two states. 

A substance in the gaseous state has neither definite shape nor 
volume and tends to fill completely with a uniform density the avail- 
able space of the container in which it is confined. When different 
gases which do not react chemically are brought in contact in any 
proportion whatsoever, they intermix almost immediately or diffuse 
rapidly into each other forming a homogeneous mixture. Many 
physical properties are found to be identical for all gases ( both 
elementary and compound ) in spite of having differences in their 
chemical characters. 

A gas differs from a liquid or a solid in that the volume of a gas 
IS markedly sensitive to changes of pressure and temperature. The 
volume change of a gas is appreciable even for a minor change in 
its pressure or lenripcralure. But the change in volume of a solid or 
a liquid under similar situation is practically nil. Hence, to specify 
a quaiility of a gas, it is necessary to mention its pressure and 
temperature. 

According to Avogadro, the ultimate material particles in a gas 
are its molecules. It is i^rther known that in the gaseous state, (he 
molecules constituting the gas are far apart from one another i.c. the 
inter-molecular attraction between the molecules is very feeble. 
Further, the molecules of a gas arc not in a state of rest but are in 
a state of constant or ceaseless motion in all directions with all 
possible velocities. 

A gas is also characterised by its low density, high compressi- 
bility and high expansibility. 

When the pressune on a gas is increased, the intermoleculer 
spaces between its molecules get reduced and as a result, the density 
of the gas increases with simultaneous diminution in its volume. 

The identity in behaviour of different gases is evident from 
the following facts : 

(i^ AV gases have the same compressibility. Thus, when the 
pressure on 100 c.c. of any of the gaseous substances like air, oxygen. 
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hydrogen, carbondioxide is doubled (at constant tempr.)« the volume 



Fig. 1(31) Belalion between volame and 
deusitv of a gas with pleasure. 


of the gas reduces to 50 c.c. ; 
if the pressure be made four 
times, the volume will be 
25 c.c. Similarly, the pressure 
being reduced, the volume 
increases proportionally. It 
is to be borne in mind that 
the change of pressure on a 
gas will bring an inevitable 
change in its density. 

(ii) >gain, all gases are 
found to expand or contract 
equally when heatcdor cooled 
to the samcextentfat constant 
pressure) Thus, at the cons- 
tant pressure, if the tempera- 


ture of 100 c.c, of any of the gases referred to above is raised from 


0“C to 50 C. the volame of the gas 
will become 118‘3 c.c. It has been 
clearly shown in the fig. 1 (32) that 
the three difiTcrent gases expand to 
the similar extent when heated on 
the water bath through the same 
temperature. It is also true that 
the gases will contract equally if 
the temperature is lowered to the 
similar extent. Hence, it may be 
concluded that all gases have the 
same coefficient of expansion. 

The Gas Laws : The mo&t striking 
fact about gases is that irrespccthe 
of their chemical nature, they obey 
some simple laws with regard to 
their physical properties. The laws 



AUsAiBjs: 


Fig. 1(82) All I'ava n t ..ilo 

rcf HiLio/ ti rf r\pai si )P. 


or common relations regulating the pressure, volume and tempera- 


ture of any gas arc called the gas laws. Ihesc laws arc enunciated 


below : 


(1) Boyle’s law : ( Pressure-volume relationship of a gas at 

constant temperature Robert Boyle 1662) studied the ehect of 
pressure on the volume of a gas at constant temperature, Prom 
the observed variation of the volume with pressure, he established 
a simple relation between the two and expressed the same in the 
form of a law known as Boyle’s Jaw. The law states : 

At constant temperature, the volume of a definite mass of any 
gas varies inversely as the pressure on the gas. 
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Thus, the temperature being maintained constant, the volume of 
a given mass of a gas diminishes proportionately with increasing 
pressure or increases as the pressure decreases. If the original 
pressure on the gas for example, is doubled, its volume is reduced 
to one half and if the pressure is reduced to half, the volume is 
increased to double the original volume. 

If P be the pressure and V the volume of a given mass of a 
gas, then according to Bo>le s law. 


P oc ~ (the mass and temp, remaining constant) 
or V Ap {k is> a proportionality constant) 


or F\=k (constLint\ This is the mathematical expression of 
Boyle's law. So. Boyle’s law may alternatively be stated as. 

At a fixed tenipeiature, the product of the pressure and ^olume of 
a definite mass of any gas is constant 

The \aliie of the constant k depends on the temperature and 


mass of the gas. 

If V . V. . etc. be the volumes of a fixed quani ty of a gas 
at constant temperature under pressures denoted respectively by 
Pj. P . P etc. then by the above law 

PiV, P V., P V, etc constant. 

This means that v».hatovcr may be the magnitudes of P and V., 
their product always remain the same toi a fixed quantity of a 
gas at fixed lenrurat'irc. 


I ho lel.ilion bet .cen prC'»siire and volume in accordance with 
the equation, PV = A can be lepresentcd graphically by plotting 
the pressures as ordinates and the corresponding volumes 
containing a definite mass of a ga& at 
constant temperature, as abscissae. The 
curve drawn through the resulting points 
is found to be a rectangular hyperbola 
(Fig. 1(33)]. The nature of the graph 
fully proves the validity of B -yle’s law. 

Such a curve showing the Venation of 
volume with pressure at constant 
temperature, is known as isotherm (cons- 
tant tempr. plot). Since the value of the 
constant mentioned above will change 



VOLUME 


with temperature, there will be a separate ifig. i(S3) Bo>ie b law 
curve or isotherm of exactly sa.^c nature laothorms t^>t^ 

(hyperbola) for each fixed temperature. The higher curve as 
shown in Fig. 1(33) conesponds to the higher temperature. 


Effect of pressure on the density of a gas at constant temperature : 
From Boyle’s law, we know— 

pj Vi ^PgVg or ^ (at constant tempr.) 
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Now, let tts 8iip{>ose that a given mass (M) of a gas has the 
volume Vi and density Di under a pressure Pi and a volume Vo 
and density Dg under a pressure Pg. 


Then, D, = ^and 


Vi 

= — or * = 

V, Vg 

Le. the density of a gas at a given temperature is inversely 
proportional to its volume. 


<* vg Di 



D* 

Dl 

or (constant) 

“a 

P= A:D or P oc D 


This relation may be expressed in the form of a law as — 

Temperature remaining constant^ the density of a gas varies 
directly as the pressure to which the gas is subjected. This may be 
regarded as a corollary of Boyle’s law 

Ciiules' law. The variation of the volume of a given mass of a 
gas with temperature at constant pressure was investigated by 
Charles^ and he expressed it in the form of a law {I7ii7) known as 
Charles’ law. Gay Lusaac in 1802 obtained the similar results 
independently. Charles’ law may be stated as ^ 

At constant pressure, the volume of a given mass of an> gas 
increases ( or diminishes ) by of its volume at 0 C for each I C 
rise (or fall) in temperature. 

This constant fraction (i.c. is the cocfticient of expansion 
( or contraction ) of all gases irrespective of their chemical nature 

more precise value of this fraction 

Let Vo be the volume (in c.c.) of a definit mass ot a gas at 0®C 
(pressure being kept constant;, then 

the vol. due to TC increase in tempr, will become 273 



99 99 


10°C 


99 


f’C 


99 >» ,■ 




99 


Vo + 


\oXlO 

273 



c.c. 



c.c. 


'V 99 


99 99 
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In the similar way, ^ 

The vol. due to I'C decrease in tempr. will become Vo""2n 


>» 


„ lO’C 


»» »♦ JI 




<"C 


»> 7* 


-Vo 



C.C. 


V VqX^Q 

273 


-Vo 



cx. 



C.C. 


Absolute zero and Absolute temperature : From above, it is 
obvious that if the temperature of the gas be lowered to — 273®C 
then according to Charles law, the volume occupied b> a gas at 
0”C under a const pressure) will become 


_VoV273 
® 273 


cc. 



*0 c c. 


Thai js to say that at —273"C, a gas occupies no volume. 
Temper iiure at which volume of a gas vanishes or represents the 
ultimate thermal contraction of the pas is known as absolute zero, 
A tempeiatiire lower than absolute zero 
(/ c. - 27 '"C) can never be conceived ot. 

This IS purely hypothetical Attainment 35 ^ 
ol such a low temperature has never 
been possible in practice, for usually 
long before -27 3 C ‘s approached, a 
gas liquefies or even solidifies. Howevei ^ 

flora this theoictical approach, a new 
temperature scale in which the zero is at 
— 273" but each degree has the same 
magnitude as the centigrade degree has 
been devised and it is called the absolute 
Stale of temperature The temperatures 
on this scale are said to be absolute 
temperatures and are expressed in 'A 
(absolute) or *K *^(degrces Kt’vin) after 
the name of Lord Kelvin who was the 
first scientist to conceive of the existence 


n 


I 


623 


-273 


Fig. 1(^4) Centigrade and 
Kelvin scales of temperfttnre 


" The term centigrade has now been replace d by Celsens wbio is tbe inventor ot 
the centigrade scale of temperature. 

Following the international recommendation, the sign of degree Is not uied 
before Kelvin. So, inplace ol T‘'E, only TE Is written. 
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of the absolute zero state. Any temperature T on the new scale 
IS obtained by adding 273 to the centigrade temperature /. 

T- /+273 

Thus, 0C~273 Aor 27 3K 

10C=10-i 273 or 283 A. 

100 0=100 + 273 or 373 A 
-IOC 1 10+273) or 263 A 

-273 C- (-273 + 273 or 0 A 


The freezing and boiling points of water on the absolute scale arc 
273 A and 373 A respectively. 


Expression ol Charles’ law in terms of absolute temperatures : 
If the volumes of a given mass of a gas arw designated by ^ o, 
and Vq at 0 C C and t ^ C respectively, (at constant pressu’*c), 


then according to Charles’ law 


v.-v,+v„ + 


V,=Vo + \, 




0 V 






K constant 


or, V oc T so long as the pressure icmains consiani an hdc 
Ti>T 2 » T are the temperature^ on thv absolute ^cile Th«s i*, the 
mathematical expression of Charles law which may alternati\clv 
be stated as. 


At definite pressure the volume of a given mass of an^ sa K 
directly proportional to its absolute temperature. 



Fig. 1(86} Grftpbica representotion of Oluirles' iftw 
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That is to say, if pressure be kept unaltered, the volume of a 
given quantity of a gas increases or decreases proportionally with 
the increase or decrease of temperature on the absolute scale. 

If the volumes of a gas are plotted against temperatures (at a 

fixed pressure), a straight line meeting the X-axis at — 273'’C is 
obtained. Fig. lf35)J This has been found to be true for almost 
all gases. This proves the validity of Charles law 

The variation of the pressure of a gas with temperature at 
constant volume is expressed by the generalisation often called Gay 
Lusaac’s law. This law is slated as 

*Tf the volume of a definite mass of a gas be kept constant* its 
pressure varies directly as the absolute temperature. 

PocT where V is constant. 

Thus, 

P T 1- 

is the initial pressure at the tempr. Ti and P the 

To J 2 

pressure when tempr. is changed to ; i temperatures being 
measured at absolute scale) 

It lias already been shown that Charles law can be graphically 
represented by a straight line B> plotting tlie volumes against 
absolute temperatures at selected pressures, we obtain dilTerent 
straight lines one for each constant pressure. Jhese lines are called 
i.sob irs no-- same bar - pressure' which on e\ ra]M>]ation converge 
to 'cro volume li may further be noted that the slope of an i^^obar 
greater when then the pressure is lower [Fig. F3hM' 

Similarly, linear graphs are obtained when pressures arc ploUed 
against absolute temperatures (volume being kept constant! fl ig. 
1 37'J 



Relationship between the densiiv ,D) and absolute temperature {T} 


rt can be proved that at constant pressure, the density of a given 
mass of any gas is inversely proportional to the absolute temperature. 
This may be regarded as the corollary to Charles' law. 


According to Charles* law, 


Ti 



or 


Yi 

V, 




T*- 
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We know that M=ViDi=V2Dj (M or mass remaining 
constant) 


or, 



so 


Vs T, Di 


or 


D, Ts 


or, T I Di =ctc *DT = K (constant) 



D< 


1 

r 


Equation of state ~ combi nation of Boyle^s and Charles' laws 
(Combined effect of temperature and pressure on the volume of a 
gasj : Boyle’s Jaw and Charles’ law may be combined in the form 
of a single equation which represents the relation between 
temperature, pressure and volume of a given mass of a gas. Such an 
equation is desciibed as an equation of state. 

let V be the volume of a gi\en mass of a gas at pressure P and 
temperature T (absolute). Now, 

V“C p when T remains constant (^Boyle’s lav,) 
and V^r when P remains constant (Charles’ law^ 


nr 

V-t p whcii both 1 and P vary (combination oP Boyle’s and 
Charici' laws 


or ^ - K=Constant or PV = KT , 

ft follows that the product of the pressure and volume of a given 
quantity of a gas vanes directly as the absolute temperature. This 
equation of state implies that for a given quantity of a gas, the 
simultaneous change of pressure and tempeiatuie will cause an 

PV 

adjustment of volume so that the quantity j remains unaltered 
Similarly, it can be proved that 


^V^PjVi^PaV, . 

T Ti 



[ifPoVi ; Po, V,, 


etc. be the pressures and volumes of the same mass of gas 
at temperature T^, Ta, • , (absolute) respectively. 


The eqaatlon of state can also be eslabliahed alternatively withoat the application 
of the law of variation. 


list ns suppose that the gas has mitiaUy a volome at the ptessure and 
tamparatare T, ; then when the pressare and temperattira are changed to 
respectively, the volume will be V,. 
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Now, If tko (MMiiM It tltoted ftom Pj to P, mtintoiiilng tha toi^oettan ot Ti 
*na If the MoomptaylDg TOliime ohtngo it from V, to Vi', than aoootling to 
Boyle’a law, wa gat 


PiV.-p.r* ot 

Pa 

If the ptesBnre is now kept constant at P, and the temperature is obaoged feoin 
I ^ ^* **^* volume will then change from V''itoVaa It follows from Ohatlae 
law that, 

Tx Ta' 

InsertiCr. the value of V\, wo arrive at 
p,V, P V p \7 

T, “ T *~a constant* K or PV»KT. 

In the equation PV = KT, K is a constant. Its value depends 
upon the mass of the gas taken as the amount of any gas is 
proportional to its volume under a given condition of temperature 
and pressure. It is known from Avogadro’s law that one gram- 
molccule of any gas occupies the same volume at a given temperature 
and pressure. So if one mole is considered and P and T are the 
same, \' will obviously be the same for all gases 

The proportionality constant K inequation PV-KTwill 
have the same value for a gram-molecule of all gases under all 
physical conditions. When the mass of a gas is one mole, the 
constant K is known as the molar gas constant and is denoted by the 
symbol R. Hence the gas law equation for one mole of a gas is 
expressed as PV«*RT. R i:^ also referred to as the Universal gas 
constant its value is the same for all gases irrespective of their 
chenpcai nature. For n moles of a gas. the above equation becomes 

PV = /iRT, 

\gain, the same equation can be obtained by the combination of 
of Bovle’s Jaw, Charles' law and A\ ogadro’s law. 


\cwu.ding to Boyle's law V< 


1 

P 


(.when n i.e. number of moles and 
T are constant) 


Charles' law V-tT (when n and P are constant) 
and ,, Avogadro's law Vxn (when P and T are constant, 

V< (when «, P and T vary) 


or. V= fR = cons<dnt] 

PV-nRT. 


It should be noted here that Boyle’s law, Charles’ law and 
Avogadro’s law can together be applied to determine the molecular 
weight of a gaseous substance. 
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We know that for n moles of a gas, the equation of state assumes 
the form PV = nRT, 

If «> and M be the mass and molecular weight of the gas 
respectively, then 


«= 


M 


PV- ~ RT 

M 


•. M= 


(oRT 

PV 


Prom the above discussions, the alternative forms of the equation 
of state of any gas are listed below ; 

(i) PV=RT (for one mole of a gas) 

(n) PV=nRT (for any quantity of a gas i.e. n moles) 


'iii) PV — RT (for »> gms of molecular wt M). 


The gases which atiictlv olie}" the lawi of Bo>le and Charlie**, as eypreBse*) lu ihi 
form of the c<jiiat!on PV — RT or PV - nRT are known as tho ideal or perfeot ^asce 
and the equaiion stated abti^o is known as the ideal ga*> equation. On th® other 
hand, the gase<i which do not ob v the ah >vc laws c\a(tK are called the i^al r rton- 
ideal gases. They obey these laws only at low pre!s>.u(<i and rclvtnei L b 
temperatures. In fact, ideal gas is an hypothetical gas as there i no krj which 
follows the gas law'' btn tlj. For an i<’eal gaa obcMug Poyle’b law, thi^iaph 
of pressure Tolume product (I V) of a gas against pressure at const T % li If 
represented hy a straight line horizontal ti, the X-axn, 

Similarly, the graph cf PV against V at coii*?t. T will ii^bo be a stiai ‘ Imio 
paraUel to the X-axis. 




th 


fig. 1 (34A) 


Fit, 1 (till/ 


Relationship between the temperature, pressure and densil> of a 
certain quantity of gas : According to Boyle's and Charles’ laws for 

P V P V 

a definite mass of a gas, * = constant. Here, the mass 

j 1 ig 
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M M 

is constant By definition, and Vg- — (where M— mass 

IJl Da 

of the gas; Di =• density at pressure Pi and absolute temp. , 
Da = density at and To) 


PjM P,M Pj, 

T,Di IvD, TiDi 


Po 


" constant 


Fhi'* equation expresses the relation between the density, pressure 
and temperature of a given mass of a gas 

Relation between absolute temperature and pressure at constant 
volume of gas : 


We have seen that for a certain mass of a gas 
I»V 

^ --K = constant. P-^1. 


K 

Now, if V be kept constant, then ^ u also constant 
P^l 

This mathematical relation can be expiessed m the form of the 
lolloping statement - 

' Ibe volume oi a dclinite mass of a gas remaining constant, its 
pressure \ arics directly as the absolute temperature. 

ilic above equation may be applied foi indirect determination 
ol temperature Irom the increase oi decrease ol pressure. This 
pr ic’ple finds Its application in the construction of gas- 
ihci noincters. 

Numerical value ot the gas constant ‘ R"" 

\\c know that the iUost gcncial equation foi 1 \ molecule of a 

gj given by 

PV 

PV«-Rl or R-- 


Now P Picssuie V Volume- length * and 

’ aica 

.\rea- (Length/ 

Force ^ Length _ Force x Length _ work (/.£ energv ) 

^ Length Degrees Degices Degices 

* R has the dimensions of energv pei degree per mole / c. 
energy degree'^ mole ‘ Lnerg> may be e\ple^^ed in different 
units and hence the numerical value of Rwill var\ ni different systems 
of units. Thus, the gas constant is not an abstract number and is 
dependent on the units employed for stating energy. 
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(a) Evaluation of R in Litre-Atmosphere : 

It is known that 1 gm-molecule of any gas at standard conditions 
of temperature and pressure at O^C (or 273'‘A) and 1 atm 
pressure occupies a volume of 22*4 litres. By expressing the volume 
in litres and the pressure in atmospheres, we get 
PV 1 X 72’d 

=0*082 litre atmosphere per degree absolute 

per mole. 

R in other units : ib) In C. G. S. unit, P (pressure) is expressed 
in dynes per square centimeter, V (volume) in cubic centimeter (c c.) 
and T in *A. A pressure of 1 atmosphere means a weight of a 
column of mercury 76 cm high and 1 cm*-" in cross section at O C. 
Again, the density of mercury at O'C is 13 6 gms/c.c and accelera- 
tion due to gravity 981 cm/sec®, ft follows that I atmosphere 
pressure = 76 x 1 3'6 x 98 1 dynes/cm- 

Vol. of 1 mole of a gas at NT.P.— 22400 cc 'cm 


By inserting the values of P, V and T in 


R=: 


PV 
T ' 


R - 76 \ 1 3-6 X 981 x 

cm^ 273 A 


76xl36x981> 22400 
273 


ergs per degree per rioie. 


= 8*315 X 10^ ergs degree" ^ mole" ^ 

(c) We know. 10’ crgs=l Joule. 

R = 8*3 15 joules per degree per mole. 

Again. 4’184 Joules or 4'184x 10’ ergs= 1 caloiie 
8*315 

R = r987!s=52 calories per degree per mi4e 


Partial pressure and Dalton's law of partial pressures ; 

When diflTerenl gases that do not react chemically with each other 
are introduced into the same container, they intermix rapidly and 
exert a definite pressure. Again, each of the gases in the mixture 
exerts its own individual pressure as if it has separately occupied the 
total \olume of the container at the same temperature. 

J. Dalton (1801) established the relation between the total 
pressure of a mixture of difierent gases and the individual pressures 
of the constituent gases and expressed the same in the form of a 
law known as Dalton's law of partial pressures. The law states : 

At constant temperature, the total pressure exerted by a mixture 
of two or more non-reacting gases and vapours occupying a definite 
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volume is eqoal to the sum of the partial pressure of each of the 
constituent gases and vapours. 

The partial pressure of a constituent gas or vapour in a mixture 
is defined as the pressure it would exert if it alone had occupied the 
entire volume of the vessel in which the mixture is enclosed ( at 
the same temp. ) 

If P be the total pressure of a mixture of different non-reacting 
gases present in a closed space at a given temperature T and 
P 2 % Pu ' etc. be the partial pressures ( at the same tempr. ) of the 
individual constituent gases, then 

P-p. + This is the mathematical expression of 
Dalton's law of partial pressures. 

The concept of partial pressures is best explained by the following 
example. Three 1 -litre flasks are filled respecti\cly with oxygen 
at 200 mm pressure of Hg, nitrogen at 300 mm. and carbondioxide 
at 75 mm. (all at the same temperature). All the three gases are 
then forced into a fourth flask of 1-lilrc capacity. Now, according 
to Dalton's law, the total pressure (P) within the fourth flask i^ 
given by 

p=;, +p -=2004-300+75= 575 mm. He 

(rwherc n p., , denote the partial pressures of oxygen, 
♦ O2 ^ 

nitrogen and carbon dioxide lespectively. ) 


Mathematical deduction : At constant temperature, let a gas (A) 
occupying the volume V under pressure 
P, be mixed with another gas (B) that 
occupies the volume Vg und^T pressure P.^, 

Total volume of the gas mixture 
= V,+V., (say V) 

And let the total pressure exerted by 
the mixture be P and the partial pressures 
of the two components of the mixture bep, and P 2 respectivciv. 







F e. 1(38) 


Due to mixing, the volume of the gas (A) changes to [\ 1 + V^) 
under its partial pressure p \ and the volume of the gas B also 
becomes + Vg under its partial pressure ^ 2 - 


Now, by applying Boyle’s law, we get 
;)^V*=^Pi\i and 

P«V9 


Pi’ 


.PiYi^P V 

V ‘Vi+Vo 


— and po — ^ 


P 2 


V, 

Vi+V, 
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According to law of partial pressures (Dalton). 


or. 




P = 


Vi + V./v^-hV, 

±p^ 




This is the relationship between the total pressure of a gas 
ini\ture and the individual pressures of the gases constituting the 
mi\ture. 


Pressure of gases collected over water : Gases collected over 
water are obvioudy moist and are saturated with water vapour 
( or aqeuous tension ) at the experimental temperature. During the 
collection of a ga*; the levels of water inside and outside the jar 
are kept the same as under such conditions, the total pressure of 
the moist gas inside the jar becomes equal to the atmospheric 
pressure. 

According to Dalton’s law of parlial pressures. 

pressure of the collected gas (p) ^ pressure of aqueous vapour 
ai the lempr of the experiment ( /i=atmosphcric pressure (P) 
= pressure due to the moist gas 

A p-rf^P oi, p=P-f 

Pressure of the dry gas — atmospheric pressure— aqueous 
vapour at the experimental tempr. 

So, the actual pressure of a gas collected over water is deter- 
mined by subtracting the aqueous tension at the temperature of 
measurement from the observed pressure of the moist gas. 
Aqueous tensions at dilTerent temperatures may be known from 
Regnault’s table. 

Relationship between ilie partial pressures and the mole fractions : 

Let us consider that a xe^scl of volume v contains a mixture of 
dilferent gases al tempr i) the amounts beng equal to , 

n•^' etc, moles respectivelv . Now, the equation of ^latc which 
independent of the nature of the gas can be wniten for each of the 
gases separately occupying the total volume v of the vessel. 

PiV n R1 • [i) 
p_v=n RI •• (li) 

{m) cvc. (p\i Pjy p aic the parlial 
pressures of the different gases present in the mixture. 

{p ^ /I ~ (n i «: + // r ‘Rf ^v) 

Hence, according to Dalton's law of partial pressures, 

Pv- -••) Rl /jRl - 'iV) 

rWhere P is the total pressure of the mivture ; 

f/ia r'**-toial number of mole in the mixture.] 
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On oombining the equations (i), (ii) and (iii) with (v, it is 
found that 


P - (vi) j (vii); Ps> 


=«» p .(viii)etc. 
n 


The fractions — , ^ ^ etc. are known as the mole fractions 
nun 

of the resT)ect]ve gases. The mole fraction of any consituent of a 
mixture of gases (including solids and liquids) represents the number 
of moles (or molecules) of the constituent in the mixture divided bv 
the total number of moles (or molecules) of all gases present. If the 
mole fractions are replaced by the respective symbols .v,, x.,, Xi*- 
etc, the equations (vi), (vii) and (viii) become 

Pi=XiP , \aP ; p<=-X 3 P etc. 

Therefore, the partial pressure of any constituent in a mixture 
can be obtained on multiplication of the total pressure of the gas 
mixture by tlie mole fraction of that constituent. This expression 
1 elating the partril pressure of a gas to the total pres'^ure of the 
mixture is very useful m physical chemtstry. 


.^g«sin. X 




md X- 


/'I ^3 +■ • 




f7o 


"Ihe sum ot the mole fractions of all gases present in a 
iiiixture must be equal to unity, /.c., 

\ 1 -1- • *= I. 

Gaseous diffusion . If a bottle of ammonia is opened or some 
salphurcrted hydrogen ^,as is allowed to escape from a Kipp’s 
apparatus in one corner of a roo»n, the presence of cither of the 
gases mav, owing to their characteristic odours, be detected within 
a short time m cn cr\ part of the room. This means that in spite of 
the room being bill ot air, each ol the gases ha> a penetrating effect 
and misc'. rapidly with the air uniformly 

Thus, when two or more gases which do not react chemically 
aie brought in contact, they intermix with one another spontaneously 
to produce a homogeneous mixture. This phenomenon is a common 
characteristic of all gases irresp" ivc of their densities and the 
process goes on even against the direction of gravity. The natural 
phenomenon by virtue of which one gas is uniformly distributed into 
another is called the gaseous diffusion. 

This term also includes the passage of a gas through a porous 
wall, say of iiuglazed earthen ware or porcelain 


Ch. 11—17 
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JExperiments to illustrate tbe phenomenon of diffasioD : 

kA) Dalton^s experiment : Dalton (1801) connected by a 
narrow long vertical tube a bottle filled with 
hydrogen and another filled with carbon 
dioxide. The bottle containing hydrogen, the 
lighter gas, was kept above [as in Fig. 1(39 j]. 
After several hours^ the contents of the bottles 
were analysed and it was found that the gases 
had uniformly mixed in both the bottles. The 
mixing took place in opposition to gravity 
since the heavier gas carbon dioxide moved 
upward and the lighter gas hydrogen moved 
downward. 

That the phenomenon of diffusion is 
independent of gravity can also be proved easily 
by the following experiment. 

If a jar of oxygen is inverted over a jar of 
chlorine mouth to mouth, the two gases are 
found to spread throughout the available 
space within a few minutes and the contents of 
Fig, 1(39) DftUon's expfc. the Iwo jars appear uniformly greenish yellow 
on RsaeoaB diffu lou jjj colour. Here chlonnc, the heavier gas, 
passes upward {Le. in opposition to gravity) and oxygen, the lighter 
one, moves downward {Le, in the direction of gravity). 

GrahaDi''s law of diffusion : Graham established a quantitative 
relation between the rate of diffusion and the relative density of a 
gas and expressed it in the form of a law known as Graham's law of 
diffusion. The law is enunciated as, 

constant temperature and pressure, the rates ot diffusion of 
different gases are inversely proportional to the square root^ of their 
densities. 

The rate of diffusion means the volume of the gas diffusing per 
unit time. If V ml of a. gas diffuse out in t seconds, then the late 

V 

of diffusion of the gas per second is ml 



Le, Rate of diffusion 


voJ. of the diffuse d gas in ml; 
time taken (in seconds) 


It IS to be kept in mind that the rate of diffusion increases with 
increasing temperature and pressure 

Thus, while comparing the rates of diffusion, the gases must be 
under the identical conditions of temperature and pressure. 

Mathematical expression of Graham's law ; If r and d be the 
rate of diffusion and density of a gas respectively, then under any 
specified temperature and pressure. 
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different densities can be employed in the separation of the constituents 
of a gas mixture. This process of separation of gases is called 
atomolysis or pressure analysis. This method has also been applied 
in the separation of isotopes. 

{2} The results of Graham’s law of diffusion enable us to determine 
the molecular weight of a gas by comparing its time of effusion 
through a given small hole in a thin metal plate with that of a gas of 
known molecular weight. 

(3) We know that marsh gas (methane) causes devastating fire 
and violent explosion in the coal mines. The electric bell (marsh 
gas detector) used for giving an 
alarm signal indicating the 
presense of marsh gas in mines 
is based on the phenomenon of — ^ 

diffusion The apparatus has a s i-or 

porous pot connected by means ( 1 i 

of a long glass tube and a rubber I I 

btopper with one limb of a glass ^ 

U-iube containing mercury. Two m M 1 1 I ? 

limbs of the tube are provided ' — vTi ^ 

with two platinum wires, one of J \U "T 

which IS in touch with mercury i 3 

and the other is just above it. 1 d 

Two platinum wires are connec- 

ted with the iterminals of a 

battery through an electric bell 

\ jar is kept inverted over the 

porous pot. Marsh gas being j (4 1 j gas detector 

lighter than air will diffuse more quickly into the porous pot and 
push the mercury level up to touch the other platinum wire. As a 
result, the electric circuit is completed and the bell starts to ring 
mdicating danger. 

Nit (t) lii favt, tbo plit.li ixuH oil u{ diUubiuii id a bpontaucoun tendency of 
any subntauce, gascoup, liquid <r o\eu <;olici to spread nnlf irmly throughout the 
spare available to it. But the oiflusiun of ses is a rapid process. In thid chapter. 
*ve have conhiied cur cu the ga»i ous diCuslon only. 


n 


l(41j M.ir?li gas detector 


(3) Th^ p oersB of uif<uBioii can he sati-facloTUy eiplained on the basis of the 
laot that the molt rules c£ a pas are not in a state of rest but are moving in all 
di recti ns svith all piu sible velocities. Tbo molecules of a substance in its gseeoue 
state are far apa t fioin tar h other and cooerquontly there are large empty epaoea 
between them When dlQer nt ga<iea are brought in contact the moloculed c f eadi 
of the gases due to tbeic p rpetual random motion pads tbrt ugh thetio empty spaces 
and mtermix together so tbat a ubifoim mi re results. This is the mechanism of 


the proce s (f 'tiQusi )n. 

Someiimos, a gae centait ed in a < losod vesee' is tcund to come out gradually, A 
gas balloon tilleo with h>dro.eu collapces after a short tiuie. This happens because 

the wall tuch a ga^ c ntouer in spite cf being made rf the solid subatancs has 

por.slty. Theie are iuiexmolecular spaces tetween the molecules co&Bti'uting the wall. 
As a result, moUcuh s of the gas can penetrate through these spaces and pat>B out. 

Of course, it lA to be borue u mind that the rate of passing out of a gee ihrongh 
a wall will depend on tie dtnsUy of the gas ae well as on the sulstance by whioh the 
wall is made. 
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Numerical examples 

On Boyle s and Charles* laws : 

(1) 600 C.C. of a gas at a pressure of 750 m m. is compressed to 
500 c.c. Talcing the temperature to remain unchanged, find the 
increase of pressure. 

According to Boyle’s law. PiVi^^PaVg. 

Here, Pi— 750 mm. ; Vi = 600 c.c. ; Pg- ? V2 = 500 c.c 

/. 750 x 600=P2x 500 or Pj- mm. 

Increase of pressure =(900- 750 mm — 150 mm. 

(2; If the pressure on 250 c.c. of dry oxygen measured at 
700 mm. and at constant temperature be raised to 875 mm., what 
volume will the gas occupy ? 

According to Boyle’s law, PiVj - PoVo 

Here, Pi =-700 mm. ; Vi=-250c.c,P ^875 mm V. = ? 

700 X 250^ 875 x V, or V3 - - 200 c c 

o75 

(3) Calculate the weight of oxygen that can be contained in a 
cylinder of 50 litre capacity under a pressure of 100 atmospheres 
and at a temperature of 2TC, [ Density of oxygen at 1 atmosphere 
and at 27 C is TSl gms/ litre. 1 

Let the volume of 50 litres of oxygen ai 27‘C and a pressure of 
100 atmospheres be V at 27 C under a pressure of I atm. From 
Boyle’s law, 

50 X 100 = 1 X V or V ^ 5000 lures. 

From the data given, 

Weight of I lure of oxygen at 2TC and under a prcssuie ol 

1 atm. Is 131 gms. 

„ 5000 litres „ , , 

rsr 5000 or 

6550 gms 

^4) The \olump of a given mass of gas is 360 ml. at 15 C ; at 
what temperature will the volume be 4&0 mm. taking the pressure 
constant ? 

V V 

According to Charles' law, j 


Here, V i *= 360 mm ; Vo = 480 mra 
T -273+15-288"A; 

. 360 _ 480 ^ ^ _480x288, 

• • 288 Ta ° ® ■ 360 


384‘.K 


Tempr. corresponding to centigrade scale is 384 -273=111*C. 
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(S) The density of oxygen is 16 and that of nitrogen is 14 at 
0‘C wd 760 mm. At what temperature will oxygen have the same 
density as nitrogen at 0°C, assuming that the pressure remains 
constant ? 

From Charle’s law, we have the relation 

Dll =DjTa 

Here, Di = lb, Dg-M 

ri-=0”C=273'A , Te= ? 


16 <273 --14xT. or T^= =312'A or 39C. 

14 


C6) \ certain quantity of a gas occupies a volume of 1000 ml. 

at 760 mm. and 27 C Find the volume of the gas )f the pressure 
md temperature are 1520 mm. and 327 C. 


By combining Boyle’s 


equation 


P,Vi 

Ti 



law and Charles’ law, we get the gas 


St the initial conditions 


Pi - 760 mm V ^ ^ 1 000 ml , 1 1 - 273 + 27- 300”A 


\t the changed conditions, 

P.-=1520 mni, f, = 273+ 327=- 600 


^60x1000 1520xV 


300 


600 


or Vo = 


7(>0 1000x600 

300/1520 


-1000 mU 


1,7) The weight ot 2*096 litres ol nitrous oxide is 393 gms. 
at 17"C and 770 mm pressure. Calculate the weight of 500 ml of 
he gas ai N r P 

Let V , be the \olume of the gas at N.T P. 


From the I elation 

1 1 1 2 

Pi" 760 mm 

Vi- 

r,=273 \ 

. 760 <Vj 7'’(J<2096 

273 290 


Pg — 770 mm 
V^ = 2096 ml 
12 = ^273+17) A 
_ 770x2090x273 
' 290 X 760 

= 19991 ml. 


wt. of 1999'! ml the gas at N. T. P. is 3'93 gms. 

3 93 x 500 
” " 1999T 


or 0*9829 gm. 


500 
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(8) Spherical balloons, each of 21 cm diameter, are to be filled 
up with hydrogen at N. T. P. from a cylinder containing the gas at 
100 atmospheres and 27"C. If the cylinder can hold 2 82 litres of 
water, calculate the number of balloons that can be filled up. 

Volume of a balloon— cm‘*«=^ x 10*5'' cm* [*/ 

=4852 cm^= 4*852 litres. 

The cylinder can hold 2‘82 litres of water. This means that the 
volume of the cylinder is 2*82 litres and the voL of hydrogen is 
2*82 litres. 


Let V 1 be the volume of the gas at N.T.P. 


p V P V 

From the relation — -1- ^ 

I3 I2 


Vi-? 

Pi - 1 atm. 
Ti = 273 A 


V8 = 2-82 litres 
Pg = 100 atmospheres 
Ts- 273+27 or SOO'^A. 


l_^,_2-82^xJ00 y^^2 Wx^l00x273 256-62 litres 

.•. Number of balloons required^ 


300 
256 62 


4*852 


= 52 (approx). 


^9) 1 gm-molecule of oxygen occupies a volume of 22400 ml 

under a pressure of 760 m»jj. What is the temperature of the gas 
in "C (R = 0*082 litre-atm mole” ^ degree^ ' ' 

PV 

Foi d gm-molecule of a gas PV = RT /, T "■= « • 


Here, P= 760 mm= 1 atr.i ; V= 22400 ml =22*4 

. T, 1x22*4 A 

•• ^=>082 2732 A 

273-2’A=0 C (correctly 0*C»273-2'A) 


(10' Find out the volume of 6 gins of hydrogen at 273'C and 
1 5 atmospheres. 

The desired volume can be obtained by applying the relation 
PV = /;RT. 


From the data given, 

p-i SaHn • »_ of hydrogen m gms_6_ 

r - I 3 atm. , n hydrogen 2 

R in litre-atm = 0-082 ; T= (273-1-273' or 546“ A. 


or V= 


]-5xV=|x0082x 546 
6 V 0082 X 546 


2x1-4 


89-54 litres 


3 


vol. of hydrogen at the given conditions is 89'54 litres 
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(11) How many molecules are there in 10 litres of a gas at a 
pressure of 75 cm at 27 C ? 

Let Vi be the volume of the gas at N. T. P. So, according to 
the relation 

Ti Ta 


V, = P-Vp T, ^ 75x10x273 ^ „ 

* Tg (273+27)x76 

Now, 224 litres at N. T. P. contain 6023 x molecules 


8‘98 


M 93 


39 99 


6023XI0=»X8*98 

22-4 


molecules 


=2*41 X lO^-^ molecules 


Alternative method * 

I his result can also be arrived at from the relation PV = «RT. 

If R IS in litre-atm, P must be in atm and V in litres. 

Now, P= 7 g atm ; V = 10 litres ; T=273+27=300 A 
R = 0082 ; «■= ? 

•• X 1 0= n X 0 082 X 300 or, n= = 0-401 mole 
76 ’ 76 X vt 082 x 300 

Now^ number of molecules — number of moles x Avogadro number 

^ 0*401 - 6*023 X 10^ '^ * 2*41 x \ 


(12) Calculate the volume of hydrogen sulphide at 14 C and 
7"'0 mni pressure which will react with 10 gms of lead nitrate. 
'Pb=207}. 

H S4 Pb(NOJo- PbS+2HNOj 

22 4 litres 207-1-28+96 

at N.T.*' *331 


Prom the equation . 

331 gms of lead nitrate »3act with 22*4 litres of hydrogen 

sulphide at N,T,P. 

. m 22*4x10^ 

. . 10 ,» .1 or 0 677 

litre of hydrogen sulphide at N.T.P, 

Let Vg be volume of HgS at 14 C and 770 mm. 

P V P V 
From the relation * * * 

J 1 I 2 

760 0*677 770yV, _ ,, 760x0 677x287 

m 213 ri4 2W770 " 

(13) Brass is an alloy of copper and zinc. A sample of brass 
wei^mg 5*793 gms. when treated with an excess of dilute sulpkurio 
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acid gives 324 ml. of dry hydrogen at 20 C and 750 mm. pressure. 
What is the percentage by weight of copper in the alloy ? (2&i 65'3) 

Zinc dissolves in dilute sulphuric acid giving off hydrogen. 
Copper is imable to do so as it occupies a position below hydrogen 
in the electrochemical series. 


Let V, be the volume of hydrogen at N. T. P. 


According to the relation 


Ti 


PvVo 

T* 


Pi = 760 mm 

Vi= ? 

Ti = 273 A 


P2 = 750 
Va 324 ml. 

Tg- '273-^20rA=^295'A 


. 760 750x324 

273 293 


„ 750 324 273 . 

-29-3x760' 


298-0 ml 


Zn+H^S 04 = 7nSOi + H, 

6V3 22-41itiosatN.TP. 

22400 ml of hydrogen are evolved by 65 3 gms. of zinc 


298 




65*3 298 
22400 


~0*is68>^ gm* 

Weight of brass given- 5 793 gms 
„ „ zinc found ~0’868K gm. 

•9 95 copper 4*9242 gms. 

5 793 gms of brass contain 4'9242 gms of copper 


100 


19 


4*^42 100 
5*793 

or 85 002 gms of copper 


Weight of copper in the given alloy = 85'002%. 


(14) A compound contains 37*8^ of carbon 6*3^ of hydrogen 
and 55*9 of chlorine. 0 638 gm of the compound when vapourised 
occupies a volume of 154 ml at 100 C and normal pressure. What 
is the molecular formula of the compound ? What is its exact 
molecular weight ? (CJ = 35*5) [W. B. H S. 1979] 

From the given data, 

ratio of weights C : H : Cl =^37*8 : 6*3 : 55 9 

. 4- u /-I 37 8 6 3 55*9 

and „ „ atoms C : H : Cl = ^ : j- : 

= 315: 6*3 : 1575 
b 2 : 4 : 1 (dividing each by the lowest number 1'57S} 
The empirical formula of the compound is CgH^CI. 
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Now, from the relation PV«nRT, 

] X 0*154as! — X 0*082 X 373 (where M = Mol.’ wt.) 
. 0*638x0082x373 


The molecular formula of the compound is (CaHiCl)» 

^wherc n is a small whole number) 

,V (C2H4C1)„=126 71 

55 ^ Mol wt ^ _ 126:11 ^2 

Empirical formula wt 24-^4 + 35*5 

(nearest whole number) 

/. Mol. formula of the compound = 0 * 411 ^ Cl 2 . 


OnDalion\ law of partial pre^suies : 

^,1^) A gas mixture contains three \ olumes of oxygen and two 
volumes of chlorine at a pressure of 760 mm. Fmd the partial 
pressure of each of the gases. 


Let Pa and Pci be the partial pressures of oxygen and chionne 
2 2 

’-eiiPectixely. Then, pressure of the gas mixtuie. P=^Po +Pc< 

2 2 

“ 760 mm. Initial vol. of oxygen (Vo)“3 and its changed vol (V) = 5 
(’,* Total vol. of the gas mixture - 3 4-2— 5) 
Now, according to Boyle’s law, 

xV = 760\Vo or po — -456 mm. 

2 a 5 

Similarl>, p.., js given by 


^ci 


760 2 


= 30t mm 


2 


ll6) Calculate the partial pressures of oxygen and nitrogen 
present in air at N.T.P. Air contains nitrogen and 21 * oxygen 
by volumes 

Let P(, and be the partial pressures of oxygen and nitrogen 
ft 2 

respectively. 

/. Total pressure, P of the gas mixture— Po -760 mm. 

2 3 

Here, initial vol. of oxygen =21 and changed vol. oxygen in 
the mixture = 100 . 
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Similarly, initial vol. of nitrogen » 78 and its volume in the 
mixtures 100. 


According to Beyle’s law, mm. 

2 lUU 

and Pn s =* 592 80 mm. 

fl IvU 

(17) A glass cylinder of capacity 100 ml filled with oxygen 
under 160 mm is connected by a narrow tube and stop cock with 
another cylinder of capacity 400 ml filled with nitrogen under 
200 mm. What will be the total pressure of the mixture at the same 
temperature ? 

1-ct po and be the partial pressures of oxygen and nitrogen 
2 2 
respectivly. 

Initial vol. of oxygen— vol. of the cylinder filled with oxycn"= 
V| = 100 ml and Initial of nittogn=vol. of the cylinder containing 
nitrogen =V2=400 ml. 

. * . Change in volumes of both gases = V i -f Vg 

= (100+400 » ml^SOO ml 


According to Boyle’s law. 


160x100 

Po^^ 


500 


*32 mm and 

2 I>V)U 


Total pressure P of the mixture -P q +pt^ =(32+160) mni 

o 2 

"= 1 192 mm 


(18) A sample of hydrogen collected over water in a ga-^ 
measuring tude has a volume of 40 ml. measured at i rc tempera- 
ture and 750 mm pressure. Calculate the volume of the dry gas at 
O'^Ctempr. and 760 mm. pressure. (Aqueous tension at 17 C is 
14*4 mm). 


Pressure of the dry gas - Atmospheric pressure— aqueous tension 
— (750 - 14*4) mm ^ 735*6 mm. 

?! = Initial pressure of dry hydrogen = 735*6 mm P 2 = 7C0 mm 

Vi=40ml V.,= ? 

T=i273 + 17=290‘* A T2 = 273’A 


P V 

Substituting the values in the gas equation ’ ' ^ 

• I 

735-6x40 760 xV, „ _ 735 6x40x273 
2i»0 273 ® 760 290 


P V„ . 

we have 

:^3645 ml. 


(t9) A mixture of 2 0 gms of hydrogen and 80 gms of oxygen is 
kept in a vessel of 20 litre capacity at 27^C. What is the total 
pressure inside the vessel ? (H= 1, 0= 16) [W. B. H. S. 1982J 
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2 

2 gms of hydrogeii= 2 = 1 mole of hydrogen 

Q 

8 goib of oxygen ~ oxygen 

Temperature ir)== 273+27 — 300 A, 

Volume ,V) = 20 litres and R 0*082 liire'atm/deg/molc 
Let P 1 and Po be the partial pressures of hydrogen and oxygen 
iespccti\cly 

Now applying the relation PV -= /iRT, we geb 

P , y 20 = 1 X 0 082 X 300= I 23 atmospheres 

and P^ X 20 = 0 25 x 0 082 x 300 = 0 3075 atmospheres 

Total pressure = Pi +P., = 1 23+0*3075 

= 1*5375 atmospheres 

(20/ A mixture consists of 0*7425 gram of a gas A of mol^^ar 
weight 99*0, and 0*273 gram of a gas B of moieculai weight 68*25 , 
the total pressure is 76*2 cm of mercury. Calculate the partial 
pressures of A and B. 

Let p and p be the partial pressures of the gases A and B 
A B 

respectively 

ir 425 gm of A = 00075 mole ol A 


.V273 gm of B 0-0040 mole of B. 

loial number of moles 000754 0’0040 = 001 15 The mole 
luctions of A and B are therefore 


OOOTS ,,.00040 
0 0115*“%0ri5 


respectively 


. , 00075 

Partijt pressure ot A,/’^=Q,Qlj5 


7f>2 mm =497 mm. 


t artial pressure of B,Pg=762 - 497 = 265 mm. 


On ihi law of gascoui dtjiusion 


(21) Under the same condi U-ns of temperature and 
216 ml of a gas A escaped through a line hole ^ ^ 
minutes whereas 144 ml of another gas B “o* ^ . L^calar 
24 minutes to diffuse out of the same vessel. Find the mtrtccttlar 


weight of A. 

Let /*!, /•2 <icnote the rates of diffusion and M,. Mg the mole- 
cular weights of A and B respectively. 
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It is known that 


Rate of diffusion 


Vol . of t he ga^(ml) 
Time (second) 




and r 2 = 


24 T ^=01 ml/second 


According to Ghaham's law of difTusion, 

or 02^ ^64 
^/M, ' 0 * VM'i 


or ^64-4 or M,-I6 

(22) At standard conditions, 1 litre of hydrogen weighs 0 49 gin 
whereas 1 litre of oxygen weighs 1‘44 gnts (nearly), which oi the 
^wo gases diffuses faster ? Calculate how much faster. 

As per question, at STP. wl. of 1 litre of hydrogen - 009 gms 
or density of hydrogen 0*09/1 it re ; Similarly, the density ol 

oxjgen— rfo “ 1*44/Iitrc. 

/. The lighter gas h>drogen (with low density) dilTu^-es more 
quickly than oxygen which has greater density. 

Let and be the rates of diffusion of hydrogen and o^^gcn 
respectively. 


According to the law of dilfusion, 



H 

The speed of diffusion of hydrogen is four times the speed 
of diffusion of oxygen. 

(23) Equal volumes of hydrogen and oxygen take 24 and 
96 seconds respectively to diffuse out of a porous wall. C alculatc 
ithe molecular weight of oxygen. 

Let V be the volume of hydrogen or oxygen. 

Rate of diffusion of hydrogen - -jy (^h “ tlcnsity of 

hydrogen) 

and „ „ „ ,, oxygen (do “density of 

96 ddo oxygen) 
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According to the law of diffusion, ~ 

24 

^/do=^V'^H-4 1=4 

/ . c/o “ density of oxygen ( relative ) = 4^ = 1 6. 
/. Mol. wt. of oxygen 2 * 16 — 32 
Alternative method ; We know 


[ /, and z., denote the time of diffusion and Mi and 
M., the molecular weights of hydrogen and oxygen respectively ] 


M, 

24 “ 2 




or, Mo-^Mol. wt. oxygen— 16 X 2 — 32. 

(24) The rates of diffusion of two gases A and B are in the 
ratio of 0'29 : 0‘271. The relative density of B is 25 (H - 1) ; what 
is the relative density of A ? 

Let rg denote the rates of diffusion and the relative 

densities of A and B respectively. 


/Db _ 

As per question, - \' — or x Jb,^= '■»X ^Db 

or. ir29x ^b;-0271X v25 or ^ 

^0-27I_v5 
0 29 


Da=2X8. 


(25' 16 c.c. of liydrogen are found to diffuse in 1 minute 40 

seconds. What volume of sulph jr dioxide will diffuse in the same 
time under the same conditions ' (S“ 32) 

Lei /'i and M| stand for the rate of diffusion and molecular 
weight respectively of hydrogen, and r.j and Mo for thoac of sulphur 
dioxide. 


r 


1 6 c.c. 
100 sec 


and rg = 


V C.C. 
100 coc 


Ml = 2 and Mo ==64. 


a 

'*2 



oi 


16 _ s/U 

V"“ v'3 


V = 2^/2=2•83 c.c. 


J2 
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(26) The .rate of diffusion of hydrogen from a mixture of 
hydrogen and oxygen is 1 c.c./second. How long will 1 gm-molecule 
of oxygen lake to diffuse ? ( Volume has been measured under 
standard conditions of temperature and pressure.) 

Let rn, r„ denote the rates of diffusion and M,, M, the 
molecular weights of hydrogen and oxygen respectively. Then 
according to the law of diffusion. 



At S. T. P., the vol. occupied by 1 gm-moleculc of oxygen >s 
22'4 litres 

Now, 025 cc. diffuses in in 1 sec 
22400 „ diffuse 
or 24 hrs. 53 mins. 4 seconds 


APPENDIX 

Kinetic Theory of Gases 
[ Not included in W B. H. S. Syllabus ) 

The common behaviour of the gases has so far been described 
in the light of the gas laws which are based on experiments qinte 
independent of any theory of the nature of the gases. In order to 
establish a theoretical foundation for interpreting such behaviour of 
gases and to derive the gas laws mathematically, a simple theory 
known as the Kinetic theory of gases was put forward. This is 
extremely useful in physical chemistry and based on some funda- 
mental assumptions, stated below. 

Fundamental assumptions of the hinetic theory of gases ; {]) A 

gas consists of a collection of a very large number of minute discrete 
particles called molecules The molecules of a gas are further 
thought of as spherical, perfectly elastic particles. All the mole- 
cules of a ps are identical in mass, size and in all other respects 
but they dilfer from gas to gas. 
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( 2 ) The molecules of gas wjthm a container are believed to 
be in a state of ceaseless chaotic motion in all directions with high 
velocities continually colliding with each other and with the walls 
of the container. The molecules move in straight lines until on 
collision with another molecule or with the wall of the containing 
vessel the direction ol motion is changed Further, in spite of 
enormous number of collisions the molecular density in any volume 
remains undisturbed i e the molecues at one place is ne\er found 
to collect in larger number than at anothei, 

(3) The pressure which a gas exerts is due to the total cflcct 
of the continuous collisions ot the moving molecules on the walls 
of the container. The average force per unit area weich the 
molecules exert in their collisions with the walls per unit time is the 
pressure The number ol collision in unit time being very great, 
the pressure appears constant ^ at constant temperature). The 
gaseous diffusion also occurs as a result of the random motion ol 
the molecules. 

( 4 ) The molecule^ are so minute particles that the totaf volume 
of the actual gaseous molecules may be con>idered negligible 
relative io the total \oJume of the gas 

(5) At lelativcly low pressures, the average distance between 
the molecules of gases are so large that the lorces of attraction or 
repulsion between them may be neglected I he effect of gravity on 
the motion of the molecules is also negligible 

(6) The molecules behave as perfectly clastic bodies and there 
IS no loss of of kinetic cnerg> i e energy due to mction) for the gas 
as a whole resulting from the collisions of mutual frictions of the 
molecules 

^7) The average kinetic energy of the gas molecules in the 
stem measures the tempf »'at re absolutes ot the gas Hcncc, the 
absolute zero of temperature would be altaincd if all the rrolecules 
were reduced to a slate ol lesl 

Explanation of the gas laws in the light of the kinetic theory 
All the gas Iaws-Bo>lcs law, Chailes’ law Xvogadro’s law, 
Dalton’s law of partial piessures and the law ot diifiision ate m 
agreement with the kinetic Iheorv ot gases and Lan be explained 
with the help of this theory. 

1 ,A) Boyle’s Jaw Woiding to the k.nctn tlieoiy, gas piessure 
IS exerted in the containing vesse the rei>ult of the collisions 
between the gas molecules and the wails of the container It follows 
thciefore that the greatei the niimbei ot molecules present m a 
given volume the greater* will be the pressure it the volume of a 
given quantity of ga> is reduced at constant temperature, the average 
velocity of the gas molecules remain unaltered, so they collide more 
frequently with the walls of the smaller containing vessel. As a result 
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of more frequent collisions, the pressure is increased. Therefore, 
the diminution of volume of gas at constant temperature causes the 
pressure to increase proportionately. Thus, the volume of a given 
mass of a gas at constant temperature is inversely related to it** 
pressure I his Boyle’s law. 

iV) Charles’ law . The Charles’ law is expressed in the foim 
constant ( at constant picssnie ) 

Ti T2 

Vi here and \2 ‘ire the volumes of ihc gas at absolute tempera 
tiircs Ti and 1 , respectivel> I his relationship can be accounted 
foi D the light of kinetic theory Actordinc to this theory, the 
tempera! uee of the gas is proportional to the average kinetic 
energy of the gas molecules. IheictorL, a lall v)t temperature 
lepresents a deciea^.e m the aserage kinetic energy of the gas 
molecules thU 1 average mokculai veloejt> decie*.es ( ma^'* 
remamiJig constant If the presj>uic is kept constant, the decreased 
velocity causes the gis to occ ipy a smaller NoluniL I his is to sa' 
that the yohimc of a giyen quantity ot a ga at constant pi essiiK 
directly varcies as its tcmpe’aturc FIiin is ChctilL 1 iv\ 

C) Dalton’s lav^ ot partial pressure"- In term'* ol thi. kinetic 
thcorv, this law can be cxpliincJ as lollov 

In a non reactiVL mi\<uic ol two 01 n.ore ga cs each gas exeit** 
a separate pressure because of thiu collisions of i(> moiecuLs with 
the wills ot the container This prcssuic, ciUcd the p'riial pre*’suic 
js obviously equal to the fiics>surc caused by the colli lon^ of the 
tixcd number ot molecules of the gas as it otcup>ing the totat 
volume ot the contiincr Tnciefore the sum of dl the collisions 
of the molecules ol all the constituent gasc:> gives to tne total 
picssuie ot the gas mixture Ihi is Dalloi. s law ol nutnl l1c^surc 

Graham’s law of diffusion * Ihc dinusivc piopUy ol gas^^ 
also depends on the fact that the gists consist of molecules m 
I apid T lolion m vacant space. Now the kind c thcoiv tell ijiat 
the avciagc kinetic ciiciCY (Kb' ol the molecules of an} gas ai 
a constant tcnipeiatuie is same thus, at condani iempci»dure, foi 
two gases A and B, average ^ inciic cnergv of the molecules ot 
A ^Average kinetic entrg} ot the molecules itf B 

f t mi and Vi be the average mass and avcMw velocitv of the 
niOiCculcs of the gas A and and v, the a'erangc mass and 
Vf^loctty of the molecules of the gas B. 

Then, the kinetic eneigv - (when the tempeia 

ture and pressure are constant;. 
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»»iVi*=m2V8« or or 


'*= /" 
Vo 'V „ 


‘ - >y^ [ *.' mass IS proportional to density (d) ] 

Z Ml 


This is a form of Graham’s law of djfTusion. 


The equation for the pressure of a gas . The postulates of the 
kinetic theory enable us to calculate the pressure of a gas in terras 
of the number, mass and velocity of the molecules. 


Let us consider /i molecules of a gas, each of mass m are enclosed 
in a cubical vessel of / cm long [Fig 1(42 '1. T hese molecules are 
moving constantly in all directions with different velocities striking 
the walls of the cube. Since it difficult to ascertain the velocity 
of each molecule, let us assume them to have an average velocity 
represented by r. 

Although the molecules are moving in every possible direction, 
their velociiies at any moment can be resolved into three 
rectangular components z parallel to the three sides of the 
cubical container 

Then, t- v'-fz- 

I et us now study the case of a single molecule mo\ing along v-axis 
between the tw«j oppontc sides A and B 
of the cube assuming the component of 
’ts velocity at right angle to that si ie 
IS -i The collisions being periectlv 
elastic, the molecule liter striking the 
side A with \docily \ rebounds with 
exactly the same vdociry v m 
magnitude but m opposite diiection 
So,tlie momentum ot the molecule just 
when It strikes ihe ^ide m\ ana 
the momentum of the molecule aftei 
collision - - ni\ 

llcnctjthe c-nangc of momentum 
due to each collision w\-( mx^ 

- 2m\. Now / IS the distxnce between ihc sides \ and B ^ will be 



< I “ > 

r a 1(1 


the time required for one colI«»ion and in unit time, the molecule 

X x* 

will make ^'collisions giving a change of momentum 2mxx ^ 

= 2 /Mr 2 the change of momentum m unit time for- the 


18 
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Other two components y and z in directions along and x a^es will 
be and^^?~ respectively 

Hence, the change of momentum for one molecule in all 
directions in unit time is given by 

2w V* , 2»iy ^ 2m / 2 4. v2 4. - 2/wc* 

— ^ i ^ r - / r r / 

tor n molecules in all diiections, the total change of momentum 
will be ^ 1 his leprestnts the tol^l pressure exerted bv the gas 
on the SIX sides of the tube 

Now the area of each side is I^tm and since there are si\ lacs 
the total area exposed to the gas pressure will be 6/^ 

« t n 2mnc^ 

So the pressure P on unit area— -6/ — ^ — 

But / IS the ^olumc oi the cubical container 

rhercforc, P or Pv=^mm- 

Ihis IS known as the kinetic equation for pascs 

Althoagta, thi 9 ta k equation was derived m the aosuinp ion i f a culii^al ¥ *^ 11 , 

it can be tbewn that the same result ran be arrj\e it for a \fe sol, of any ■»». itw 
The latter may be ima ined ti be paititicned m a lar^ e n umber of infinites jiaI 
fltntll lubea, the tctul volume cl vhich g aob the iclniue oJ tbt vessel t tl 
parti uHt shape 



CHAPTER 9 
CHEMICAL EQUILIBRIUM 

'Reversible Reactions ; It is a well-established fact that many 
reactions do not go to completion even if appropriate experimental 
conditions are maintained. They arc found to proceed to a certain 
extent and then apparently stop leaving a small or considerable 
amount of the reactants unaffected. 

In many cases, it has also been .proved that the products of a 
reaction themselves react forming the original reactants once more. 
Let us consider a general reaction of this type in which the reactants 
A and B form the products C and D at a given temperature. 

A + B-^C+D (Forward reaction). 

\gain, C and D react to regenerate A and B 

C + T)->A-fB (Reverse reaction). 

These two oppositely directed reactions are represented h\ a 
single equation as 

A+B r + D 

Here, the sign of equality *= ' has been replaced by the double 
oppositely dirccied arrows tailed sign of reversibility. 

Such a reaction is called a reversible reaction. In fact, all chemical 
reactions are reversible in nature and can proceed in both directions. 
But in some cases the extent of the opposite reaction is so small as 
lo be negligible and such reactions are said as proceeding lo 
completion quite definitely in one direction The re\ersibilily of 
reactions can be delected when both the forward and the reverse 
reactions occur at noticeable extent. Generally, such reactions are 
described as reversible reactions. The most important criterion of 
a reaction of this type is that none of the reactants will get 
exhausted. When the reaction is allowed to take place in a closed 
system whereform none of the substances involved in the reaction 
can escape, we aet a mixture of the reactants and the products in 
the reaction vessel If hydrogen and iodine vapour are heated in a 
closed vessel at 450 C, they combine forming hydrogen iodide 
while hydrogen iodide itself decomposes at this temperature 
appreciably into its constituent elements hydrogen and iodine. 

The reversible nature of the reaction is expressed by the equation 

The reaction between acetic acid and ethyl alcohol leading to 
the formation of ethyl acetate and water is a well known reversible 
reaction in a liquid system. 
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CH3C00H+C*H50H5:iCH .COOC^Hs+H^O. 

Some more familiar reversible reactions are stated below. 

tl) NH,, + HCl NH 4 CI ; (2) 2SOa +O 2 ^ 2SO 

(3) Na+O.^ ^ 2NO ; (4) N,04 ^ 2NO, , 

«5) PCl^ PCls-fCIa ; 

Every reversible reaction depending on its nature will after 
some lime reach a stage when the 
reactants and the products coexist 
in a slate of balance and then x 
amounts will remain unaltered for u 
unlimited time Such a state of a ^ 
chemical reaction is called chcwical 
equiiibiium. Ihc point of sucli an ^ 
equilibrium vanes onl> with the g 
temperature ^ 

The attaininoiU of equilibrium 
of the classical reversible reaction, 

has been graphically shown in I ig. I <43 

v^'Law of Mass Action . It has been lound that the rate of a 
chemical reaction depends definitely on the relative masses of the 
icacting substances In general, the r*ite ol a read 1011 •indicates the 
quantity of the reactants trail* formed 01 the amounts ol the products 
lormed in unit lime. 1 he quantity ol the rcagciita transformed is 
expressed in gm molecule and the unit of time is usually the 
second. Guldberg and ^^aage carried out a nuinboi of expcnmenls 
showing the influence ol the relative masses of the reacting substances 
on the reaction lates and expressed the cxpenmcni ill> observed 
facts in the form of a generalisation commonl> known as Law of 
Mass Actiofu 1 he law states : 

The rate of a chemical change at any instant at a given 
temperature is direct!} pioportional to the active mass of each of the 
interacting substances 

If follows that the rale of the forward reaction will increase on 
increasing the active mass of any of the reactaiUs, while the reverse 
reaction will go on with an enhanced rate if the active mass of any 
one of the products in increased 

The term acti\c mass in a homogeneous system of gases or 
dilute solution refers to the molar concentration, that is, the number 
of gn>molecules of the substance in unit volume. 

If a gms of a substance A of molecular weight M be present in V 

litres, then gm-moles of A are present in V litres. 

M 



Fig 1(13) 
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The active mass of A= 


a 

MXV 


Therefore, the law of mass action may be stated alternatively as. 

At constant temperature, the rate of a chemical reaction varies 
directly as the molar concentration of the reacting substances. 

It li4 to be cleerly ondeiaiood tbat the rate of a cbcmical reaction Is nnt 
proportional to the weights of the reacting snbstancee present In the svstcm but to 
the zvambeis of molecules of each kind present m a given volume Now one gm* 
mo^e nlo of any sni’BtAnon o ntains the same A\ogadro Number of molecules 
vie 6*098x10^^) and the concentration ib therefore expressed as gm -molecules 
per litre. 

Mathematical formulation of the Law of Mass Action : Tf \ and 
B be the reacting substances and C and D the products of i simple 
reversible reaction, there arc clearly two reactions in progress at the 
same time 

A-f B->C T D (commonly known as forward leaction 

(n) C + D-> \-l-B (commonly called reverse reaction) 

These two reactions are '.ymbolised by the single equation 
V ♦ B=5^C f D 

This equation expresses that A and B react to form C and D as 
products, which, on the other hand, interact to ret?cnerate \ and B. 

According to the law of mass action, the rate ol the forward 
reiction [ \] [BJ 


or, K.J [ V \[Bl (where Aj is the proportionalit> constant 

tor forward reaction.' 

And, the rate ot the reverse reaction [C]x[D] 

or, C^] (^2 piopoUionalitv constant ot inc 

resersc reaction) 

[A I, fBi, and [PJ stand for the inoJai concentrations ol B, C 
and D respective^. The molar concentration® of substances taking 
pait in the svsiem mav also be denoted by C., C . C- and C_ 

ABC P 

Now, at the beginning ol the reaction between A and B, there 
Will be no C or D \s soon as a little C and D are formed, the 
reverse reaction sets in lirst the forward reaction predominates 
but as C and D accumulate, the rextrse reaction builds up So in 
accordance with the law ot mas® action the rate ot torwatd reaction 
gradually diminishes with time as the concentrations ol A nnd B 
decrease owing to their conversion into C and D As the reaction 
proceeds, more and more quantities of C and D will be present in 
the system and the speed of the leverse reaction gradually 
increases. A time will come when the speed of the forward reaction 
becomes equal to the speed of the reverse reaction r _ The 

system is then said to have attained a state of equilibrium and there 
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Will be no further change in ma&i»eb or the concentrations of the 
components of the system 

The constancy of the composition of the mixture at equilibrium 
IS not due to the fact that all chemical reactions have ceased entirely 
but IS the net rer^ult of the balancing of two opposing reactions 
occunng at the same time with the same rate This is why a 
chemical equilibrium ib said to be a dynamic equilibrium Evidently, 
such an equilibrium is dynamic in action but stationar> in effect 
A chemical equilibrium is dependent on the temperature 

Vt equilibrium, / ^ 

AB CD 

“[A] (B] A 2 ^ (constant) 

The constant ^ is called the equilibrium constant or mass Jaw 
constant which is the ratio ot the product oi concentrations of the 
reactants to the product of the concentrations ot the substances 
produced. This may also be referred to as the ratio of the rates ot 
the torward and reverse reactions. The val is ot coistiiu depends on 
the temper iture and the nature of the retUion. It has a fixed \aluL 
tor any specified reaction uiidei a specified coidit on of temperaluie 


NB (1) It la to bo remem uered that [\ I o l '1 n 1 ludioi o the imt 
cc aopntratioii'i Pney lire the m Jar r licei trations ( numbf cl mol s/litic ) 
wheti the O'laihbrium anally eBtathbhod 

(2) We haye ^eon in the above reacti n the rate c £ the f \ a'^d n itiun ? ^ 

I A b , if the molir concenlratinns of I jth A ml L b« a iitj then i 

Therof jro, the latj oJ teaou n is equal to the pic p rtionalitv msl lI \\1 en all tl 
r ictanta aia of molar ooaccntri.lon'^ This pr ipocLion-ilUy con taut at this condit o 
Is to bo th** sp" ific roa< ti n rate 

So far, we base considered the process uiNolvinc Ningle molecule 
oi each of the leactanls and the products 1» two or more molecules 
of the same substance take patt they aie to be regarded as sepatat*. 
molecular species and the \alue of the eqailibnum const int m ly be 
determined accordingly Thus the reaction 


2\ 2B + C 

may be written as A-f A ^ B 4- B + C 


and so Ai [A [A or ^ [AJ- 
and kJB [BJ [CJ-AJH]- |C1 

fB] ^ A rci A. 

At equilibrium, ^ ^ Equilibruim constant 


For a general reaction represented by 

aA+^B-h •• gG + m + 


the equilibrium constant 

t- r Gi‘'x[ Hr X 
[A]5~-'‘ 
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Here the coefficients m stoichiometric equation become the powers 
of the respective concentrations of the substances taking part m the 
reaction This is the most generalised equation for the equilibrium 
constant and is also the most important form of the law of mass 
action The equation states the ratio of the product of the concen- 
trations ol the substances formed in a reversible reaction, each raised 
to thv^ povvei of the number of its molecule involved in the reac- 
tion lo the product of the concentrations of the reactants, each 
raised to the powci equal to the number of its molecules taking 
ptrt in the reaction is a constant at a fived temperature. 

^ Criteria of a cnemical equilibrium : 


iOj Pamananev When at a given temperature a system 
attains the state of equilibrium, it does not change further with 
time 1 C the composition of the equilibrium mixtuie will remain 
unen inged for ever Only a change of temperature can bring about 
a ch ? te in the equilibrium situation 

ipp/oadiahility ftom both ^id s The cquilibnum condition 
ol 4 rcNcisible rciction is approached from cithei s de of the 
icactioi At a h\cd teniperatuie, a e^cn rexersiblc reaction 

A 4" *> C -I- D alt mis exactlv t t same state of equilibrium no 

n Uiei V iiolhcr we st iit with the icaci ints V and B oi the products 

C Jiiu D 

(c) f fit )mp (finest of tJu ftauion It is the chief criterion of 
t I u wil equilibrium \ rcveiMble itiaion i iitvcr complete in 
din 1 I provided inv ol the pioducts not allowed to 

esc p *rom t> L system In othei words in equ i biium condition 
th cictint-, ind the pioducis nic ill present imultaneouslv m the 
leiclion vessel 

consid»-i the reversible leaction \ + B^C + D Heie V 
and B w»U leict in the foiwiid direction to produce C and D As 
soon s 1 little C and D are formed the reveivc reaction will start 
ti^enc'-atv. \ ind B I hus at equilibrium, all the foui substances 
will icmmi If one of the substinces is taken to bt vanished then 
Its t onc^nliation automatical!) becomes ceio and the value of the 
equmbMuin cjiisUint k of the above reaction 


J either be /eio o* 

k in that case lo’^es it> significance 


ipfinit' 


Obviously, 


Irreversible reactions Theorv ically all chemical reactions are 
tcversiblc But there are manv reactions in which the extent of the 
reverse reaction ''le, combination of the products to produce the 
reactants ) is so small as to be negligible Such reactions which are 
ordinarily found to proceed to completion in one direction are said 
to be irreversible tcactions c g composition of potassium chlorate. 
2KC10^-^2KCl-+ 30ss 
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or, Decomposition of ammonium nitrate, NH4NOa-^N2+2H20 

or, Precipitation of silver chloride, 

NaCI + \gNO ^■-►AgCI -l-NaNO , 

In fact these and other similar reactions are also reversible in 
character and there is no existence of only irreversible reactions 
It has been reasonably concluded that all so called irreversible 
reactions can be made to proceed in the reversely wa> if the right 
experimental conditions are set up Lei us consider a specific case 
when a mixture containing exactly two parts of hydrogen and one part 
of oxygen is exploded at ordinary temperature under the influence 
ol elect ic spark, it is completely con\erted into water There is 
no detectable residue of the reacting gases in the reaction vessel. 
But it has been found that at a temperature above 1 500 C, water 
vapour is decomposed to an appreciable extent into hydrogen and 
oxygen. So the reverse reaction that occurs al high temperatures 
must take place even to a very small extent under irdinaiy 
conditions So, the combination ol hydrogen and oxygen to form 
water is regarded as an irieversiblc reaction under ordmar^ 
condition ol temperature and pressure But in fact it is also a 
reversible reaction. 

Different forms of equilibrium constant— Kp and Generali), 
the equilibrium constant of a reversible reaction is represented bv 
the symbol K The equilibrium constand obtainet by jislng molar 
concentration of each of the substances involved in the system 
commonly denoted by 

Thus, for a reaction A + B 

K =r?,^rSi ' lA], B], rej, [D] die the cqu.libnu n 

lA \ A 

concentrations of the reactants and the pioducts) 

In case ot a gaseous reaction, the concentrations in the m^SN 
law equation may be substituted by the partial pressures ot the 
components of the equilibrium mixture as the concentration of a gas 
IS proportional to its partial pressure Ihe expression for the 
equilibrium constant in terms of partial pressures is symbolised by 
Kp Therefore, if be the partial pressures of A, B, 

C and D respectively, then K. - 

Pa'^Pb 

The relationship between Kp and can easily be obtained a^ 
follows 

From the relation PV=nRT ( discussed in chapter 8 ) 

P=^ RT = CRT [ C» concentration ] 
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Accordingly, p,«s£A] KT, p_=lB] RT etc. 

A B 


For a general reaction, aA=bB-F 
^^"0 _ rG ]« X [ H ]^ 


.'gG + hH + 


Kp=K,{RT)^” 

Where An=^g + h+ )— (a+b-F - change in the mim be** ot 
molecules (moles j during the react on. 

Number ot molecules (molest of the products — numbei of 
molecules (moles) of the reactants 

For a reaction m \^hich the number of molecules ol the 
reactants is equal to the number of molecules of the produt-^s i e 
An IS zero. Kp and K aie identical In othei cases, Kpi?^k 

/, In the reaction Ng + SHj 2NH An = —2 , 

, , PCI ."PCI 4Ch An = +1 

, „ „ H^+1^."2HI An = 0 


In a giseous leaction, the components ot the equihbtiuni 
mixture can also be stated in terms ol mole tractions We kno^\ 
that the partial piessure ol a gas is equal to its mole fraction 
multiplied by the tolal pressuic, le 

x^Py where tractions 

of \ and B respect i tly and the tolal pressure is P 


Ijc Chatelier's Principle : The tate ot a chemical equilibr u^** 
1 dependent on certain conditions or tactors such as temperature, 
piessure, concentrations of the reactants and products How 
a system would beha\e il any of these c mdil 10 ns controlling the 
equilibrium be changed l^oni Hs equilibrium \aluc was hrst investi- 
gated by Le Chatelicr Ihc v luable geneialisation made b\ him is 
known as y r Chaftlui s pruuiple The principle stales : 


a system is in equilibrium and one of the factors controlling 
the cquilibiium is altered, the system will automatically tend 
to adjust itself in such a way so as to neutralise the effect of the 
change/" In other words, if a change occurs in one of the conditions 
such as temperature, prcssuie, concentrations of the constituents 
under which a system is in equilibrium, the system will always react 
in such direction which will tend to counteract as tar as possible 
the effect of that change This rule is also called Le Chatelier and 
Von Braun's principle. 

Ihis principle qualitatively foretells the effect of variation of 
pressure, temperature or concentration on a system which is in 
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equilibrium or it summarises the idea that whenever the state of 
equilibrium of a system is affected by increase or decrease in one of 
its controlling factors then the other factors will change thCir values 
in-order to restore the balance or position of equilibrium 

^ Ihe influence of pressure-change on the position of equilibrium of 
a gaseous reaction . The influence of pressure-changes is much 
more noticeable in reactions taking place in gaseous state When 
on a system at cquilibimin piessure is inci cased, Le Chatelier 
principle demands that a change should take place in the system 
so that the additional pressure is relieved This is only possible 
if the ^yslem lends to contract or brings about the reaction in the 
direction in which the volume of the ystem decreases Conse- 
quently, increase of pressure favours a reaction in the direction 
in which It occurs with diminution m the number of molecules 
present at equilibrium It is to be borne in mind that according 
to \vogadro"s hypothesis the volume is directly pioportional to the 
numbei of molecules 


11 e effect of the chanuc in pressure on a iciction at cquilibnum 
may he summarised as follows 


Ivpe of reaetioo 


(u 

Dorreato in udiiiO r of 

I ijlrt 'les left fi ) rif'ht f 

4 mole 'les of hydiof^eii 
and nitrogen n ^lil 2 
riolot lo 1 of imm ui v 

{0 + 
Inorcate lu Dumber o*' 
lU lA nlti Wt tj right 

) 

l ‘ N, + 0,:5:i2N0 

KoebiDga ID numbei 
of molewjlea 


T fleet of iocreuso 
> 10 pressure 

V lui >0 f i rev-^c In- 
cre lue jf picHAiirofiivtUM 
the I rniiti n if irc 
I IP ni rill 0 1 Ui u f 

I t quii lum n vob t the 
ii^bt 

li mso f prtflbufc 
(]e roa'ties llio tus^^Kia 
I ti u 

I 

N( chaa^o in v ume 
N fcftrct f prpbs ire >n 
p imllbnum o 
ti I f (quilibnun' lb 
mall tiified 

1 Do 


} fleet of decrease 
10 pressure 

V)lime in^'caaso 
Dptroaso of ^ prpsaura 
rc ilts 111 the 1 rcaking 
up f NTj ^ if 19 
eUmputb t 7 P itK 11 
eqriitinrr pn ii v 1 ) ibo 
left 

DeciP 0 f piP fl rr 
f IV r the dib9 ciad n 

1 ) 

I change in \ lui i 
Pr 48U b IS uc ( fJ t i r 
( luilibrlum 1 r/ p -utiori 
of tquilil Eiain is inaio- 
tttiu d 

n« 


Vlfhe effect ot tempeiature-change on the position of equilibrium 
If the temperature of a system at cquilihiium is raised hy supplying 
heat from outside, Le Chatelier’s principle lequircs the equilibrium 
system to respond lo oppose the temperature change i c , the 
reaction will immediately proceed in a direction where heat will be 
absorbed In short, an endothermic reaction should proceed to a 
greater extent by increase in temperature. Decrease ot temperature, 
on the other hand, favours an exothermic reaction or a reaction 
which is accompanied with the evolution of heat will give better 
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yields of products at lower iemperatuies. It is to be remembered 
that for a reversible reaction if it is exothermic for a change in one 
direction, il is endothermic for its change to the opposite direction. 
The elTect of temperature on a chemical equilibium has been 
sho^^n in the following table 


r>pe of reaciion 

- jth rmic ( ft to 
«g t' 1 

{'!) Na + 3H,-^aNHal 
+ 22K Cal 
ibO, + 031^:^360, 
+ 45*0 K. Gal 

rmio (Ht tc 

no ^ 

N, + 0a:;=±2N0 
- 44 0 k Gal 
2 N 0 , 
-12*26 K. Cal 


Increase oi temp 

Tiionasf j{ itmptra 

tiir( docNftbMthi forma 
t ou of NH, ar bO 
and favuirb the docom- 
loaitiou i NHj, oi SOj 
( g ii(\v equilibrium ha 
mort of leactautB 


I Fa\ou'‘* t'umatiou < 

I NO 

Favoura di*- )C ati n 
<fN,0. 

e f t<w ‘imlibriiim 
in i hi )f the ra { j hdP 
' lu f pr )luctB in 
• i ward t art n 


Decrease oi temp 


I Pavti iTb tho iupteaac 3 
I formal! )U cl NIT^ of 
• SO . fi 7 n w oqni librium 
I lu nth'r of thf caaoi has 
I luoL products m th'^ 
I forwtrd i( action 

I 

Tends t j r» v'^t o the 
reaction 

Do 

e C 7 . nrw oquilibnuu 
m iitlior cf tLu two oas^ * 
has inr Li of rcaotantR la 
th f rwAfd rra'tion. 


'ihi* effect of conccntratioii-cliange or of addition oi a component * 
If t one ol the substances plc^cnt m an equilibrium reaction is 
aadwc from outs’dt without chance in any ot the other conditions, 
the accoiding to I e Cluitchei ^ Principle fhc pn^ uon of equilibrium 
will moNw to decrease the concentration of the added substance 
To do so, the reaction will go in the dm clion in which the added 
sub t mue js used up F or exampU 

PCk^'PCI +Ck /. K ^ 

Pvch, 

omc chloiine added from outside, its paifial pressure will 
evidently be increased With the increase of the numerdtor, deno” 
minator should also increase m oidcr to maintain the value of Kp 
constant i e the equilibrium is disnlaced towards the left (with 
formation ol aorae PCl,h Similarly ui tb^ reaction, 

Nj+0 2NO 

copic.ined in a vessel at a given tempcratuic if extra nitrogen is 
pumped into the same vessel, the position of equilibrium will shift 
from left to i ight i e. there will be a greater proportion of nitric 
oxide jn the new equilibrium mixture. Here, the partial pressure of 
fiitrogeu IS increased and to keep the value of Kp constant, more 
nitric* OKide will have to be formed 
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In a similar manner, if any of the substances taking part in a 
chemical equilibrium is removed* then, in accordance with Le 
Chatelier’s Princple, the position of equilibrium changes to produce 
mor^of that substance. 

effect of an inert gas on equilibrium : If a non-reacting gas 
be added into a system, the point of equilibrium may remain 
iinaffected or may be displaced according to the conditions of 
addition. Addition, at constant volume, increases the total pressure 
but will not change the partial pressures of the reactants and 
the products. So, in this case, the introduction of an inert gas i e. 
a gas which docs not directly participate in the reaction makc^ no 
effect on the equilibrium point 

The situation will be otherwise if the addition is made inlo the 
system at constant pressure. 1 or a given total pressure the presence 
of an inert gas decreases the partial pressures of the substances 
involved in the reaction I he net result will be the same as if the 
gases at equilibrium were subjected to a lower pressure. In other 
words, it increases the volume to decrease the concentrations of the 
reactants and the products 'I’hus, in accordance with Le Chatelier’s 
principle the presence of an inert gas will favour the reaction that 
takes place with an increase in volume tor the number of molcrules/ 

industrial applications of Lc Chateiier’s Principle : 

11) Manufacture of ammonia b> Habers Process: TJie laige 
scale preparation of ammonia by Haber s synthetic process uses the 
reaction 

Ng-f 3H,.;:'2NH +22 08K. Calorics. 

It is a reversible, exothermic reaction It is evident from le 
Chatelicr’s principle that /mv /(/voMz-A the production of 
ammonia. Increase of icmperc4turc will cause ammonia to dissociate 
into N.j and H , with absorption of heat supplied. But lowering of 
temperature increases the yield but reduces the rate of the reaction. 
Consequently, the reaction requires a longer period of time to attain 
equilibrium So, it becomes necessary to select a high temperature 
at which the reaction proceeds at a workable speed giving an appre- 
ciable yield of ammonia. The temperature thus chosen is known 
as optimum temperature. We know that a catalyst can influence 
the speed of i chemical reaction to a great extent. It is also known 
that the catalyst docs not affect the position of equilibrium as it has 
equal effects on the forward and the reverse reactions in a reversible 
process. The optimum temperature for synthesis of ammonia from 
its elements has been found to be SSO^C if reduced iron mixed with 
some powdered molybdenum ( promoter ) is used as a catalyst 

It appears from the equation that the reaction is accompanied 
by a diminution in volume (hence the number of molecules). So, 
according to Le Chatelier’s Principle, high pressure will favou- the 
production oj ammonia. 



CHEMICAL EQUILIBRIUM 


28 S 


In practice* a total pressure of 200 atmospheres is applied in 
Haber's process. That the yield of ammonia is increased with 
higher pressure can be shown mathematically. 


N2 + 3H2- 2NH . 

gm-moles initially present 13 O 
„ „ at equilibrium 1 — < S-S’t 2^ 


Let us start with I gm-molc of nitrogen and 3 gm-moles of 
hydrogen and at equilibrium let < be the fraction ( in terms of 
moles ) of nitrogen that has reacted to produce ammonia. Then* 
2< moles of ammonia will remain in the equilibrium mixture. 


/. The final system will contain (l-<) mole of nitrogen* 
l3-3<) moles of hydrogen and 2< moles of ammonia and total 
moles in the system will be 4 — 2x. Now, if P be the total pressure 
and p , p P Tix partial pressures of nitrogen, hydrogen 

and ammonia respectively* then, 




1 




N 3 4 — 2 < ' 4-2< 


4-2«c 


•2 f p .2 

^ NH, _ i4^’<_ •_ _4<"(4-2<)“ 


If follows from the above equation that if pressure be raised, 
the production of ammonia will increase in order 10 maintain the 
equilibrium. 

It is to be kept in mind that if NH .. formed at the high pressure 
and temperature is removed immediately from the reacriem vessel, 
*be equilibrium position will change to produce more of NH;>. 

<2} Large scale preparation of sulphur trioxide : 

Sulphur trioxide is prepa^^ed by oxidising sulphur dioxide with 
oxygen. This is the first an I the most important step in the manu- 
facture of sulphuric acid by contact process The reaction is : 

2SO^+0,=?^2SO;i + 45*2 K. Cal. 

It IS a reversible, exothermic reaction. So, Le Chateliers 
principle demands that the yield of sulphur trioxide is greater when 
the temperature is lower. But lowering of temperature reduces the 
reaction rate and so increases the time required for the production 
of sulphur trioxide. Thus the above conversion, at low temperalure 
is not advantageous in an industrial operation. In contact process, 
the reaction is conducted at 450 C ( optimum temperature ) in 
presence of finely divided platinum used as a catalyst. If the 
product (SO3) is removed from the sphere of action as soon a$ jit is 
formed more and more reactants will combine to form 
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It appears from the above equation that the reaction is 
accompanied by a decrease in volume or number of molecules. 
Therefore, use of high pressure will improve the yield. It can be 
proved by considering K from the relation, 


K 


p 


p* 

-_S03 _ 


But if the conversion is made at the *above working conditions 
the increase of pressure makes no appreciable improvement of the 
3/ield. Hennce in industry, the process is worked at ordinary 
pressure. 

(3) Synthesis of nitric oxide Nitric oxide is prepared by the 
combination of atmospheric nitrogen and oxygen. It is the mam 
step in the manufacture of nitric acid by Birkeland and fyde 
process. 

N 4 02^2N0 - 44*0 K. Cal. 

It is a reversible, endothermic reaction. It is clear that numbers, 
of molecules are equal on both sides of the equation and hence the 
yield will remain unaffected by a change of pressure. 

Moreover, according to Le Chatelier’s principle, high temperature 
favours the production of nitric oxide Actually, nitrogen and 
oxygen are made to combine at a temperature of 3000^ j^rodticed 
with the help of an electric arc. 

Further, if the equilibrium mixture is cooled very quickiv to 
temperatures lower than 1500 C, the formation of nitric oxide is 
greatly enhanced as its decomposition at these temperatures becomes 
too small. Some reversible reactions are discussed m detail here. 


Reactions without change in the number of molecules : 

(a) Formation of hydrogen iodide from its elements It is a 
familiar reversible reaction in which the number of molecules of the 
reactants (hydrogen and gaseous lodin) is the same as the number of 
molecules of the product tHD 

4 lo ^ 2H1 

Initial gm-moles i a b o 

Gm-moles at equilibrium : a-x b-x 2x 

Suppose, initially we start with a moles of hydrogen and h moles 
of iodine. If x gm-moles out of a moles of hydrogen react to form 
hydrogen iodide at equilibrium then the equilibrium mixture will 
contain 2x gm-moles of hydrogen iodide and the relative amounts 
of hydrogen, iodine and hydrogen iodide will be {a - x)^ (6 - x) and 
2x gm-moles respectively. 

.*. Total gm-moles present in the system==fl- \'46— x42x=a4ft 
If p stands for total pressure and v for the volume of the reaction 
vessel) then at equiliteium, the molar concentratioDs and the partial 
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pressures of the 
given by 

substances taking part 

in the reaction will 

Substance! 

- Molar concentration 

Partial pressure 

H, 

fl-X 

V 

a 

a+b 

I 3 

b-x 

h— Xn 

V 


HI 




V 

fl-l- h ^Hi 

Now. the values of K and K are : 







11.1 


HI 


\v} _ _ 

fj-x /^-jcv {a-x)ib-x) 

i r / \ V / 



/j-Xp\ [a-x)[b-x) 

\a'\-b I \a+h I 


The equilibrium constants and are ihc same. 


rt is to * be noted that the volume v or the pressure p has 
disappeared Trom the final re5>ull : ihe equilibrium t'onstant is 
independent of the volume or pressure at a given temperature. Now, 
starting witivcqual number (a) of moles of reactants we have : 

^ 4^". ^ 4v*^ 

^ i^a-x'^ia— \i a xj- 

The reaction - is .in endothermic one and tlie formatior of 
hydrogen iodide will increase b> an increase in temperatiuc. 

Similarly, it may be shown that the equilibrium constants of the 
following reactions are not influenced by a change of pressure or 
volume, 

Ng +0/.-2N0 , CO ,2 H* H fSleam) f CO. 

(b) " Formation of ester from acetic acid : 

The reaction between acetic acid and ethyl alcohol to form ethyl 
acetate (ester) is a familiar example of homogeneous equilibrium in 
liquid system. 

CH.^COOH + CaH^OH^piCH .COOC 2 H 5 +H 2 O 
Initial moles a b o o 

hi eqm moles a— v b - x x x 

Suppose, a gm-rao!es of acetic acid and h gm-moles of alcohol are 
initially mixed. If x be the gm-moles of ester formed and v the volume 
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of the system at equilibrium, then, the molar concentrations of the- 
different components will be given by 

[cHyCOOH]-*.?^ ; 

[CH,COOC»Hs]-> f i [h^o]-* 

[cHaCOOC .H, ]x[HaO] 

[CH;,COOH j X [CsHoOh] 

Here, the volume is eliminated from the equation for the equili- 
brium constant. So, the position of equilibrium is independent of 
the total volume of the system. 

Reactions that occur with change in the number of molecules : 

' c) Dissociation of phosphorus pentachloride : 

Phosphorus pentachloride on being dissociated gives phosphorus 
trichloride and chlorine. All the substances involved in the reaction 
remain in the gaseous state. 

PCl^^PCla+CL 

Initial amount in mole 1 O O 

At eijuilibriura 1 - < «< < 


Let us start with 1 gm-mole of PCI-. Let < be the fraction of PCl.^ 
dissociated at equilibrium, then the equilibrium mixture will contain 
1 - gm-mole of PCI < gm-mole of PCI .5 and gm-mole of Cl 2 


The total gm-raoles in the system = 1 


Ef P and v represent the tc^al pressure and volume of the sy. iem 
respectively, then the molar concentrations and particil pressures 
of the substances participating in the reaction are given below. 

Substance 


Molar concent! a lion 

Partial pressure 

PCI» 


V 

1 

PCI., 


V 

-c 

l + x^ ^pcl ■ 

Cl. 


< 

V 


‘ 1C — 

[PCI, [a,]_:x;; 


♦ * 1V.C — 

[PCJ 

1 •<> 

V 
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Here, Kp/^K^. Since Kp is constant at a given temperature, it 

follows from the equation of the equilibrium constant that < 
or the fraction of dissociation decreases when the pressure (P) is 
increased. So the point of equilibrium is dependent on the 
pressure It is thus possible to calculate •( provided the value of 
Kp is known. 

This reaction is an endothermic one and the extent of dissociation 
is increased when the temperature is raised. 

N.B. Almost all chetnioal reactions are reversible in nature. But under certain 
ooaditiouB* many of tho reactions are found to go up to completion. 

We know that a chemical equilibrium can exist ouly in a closed system where all 
the reacting substances and the products remain present. When one of the produotB 
.B allowed to eBcape from the sphere of action as soon as it is formed, the reverse 
^eactioju cannot occur and the reaction proceeds to completion in forward direotion 
only. Such a reacti m is then regarded as a one-sided or irreversible one. A few of 
the reactions which arc almost irreversible in nature will be considered here briefiy. 

(a) Zn-l-H,804->Zn804+Hat (in cold) 

• CaCOs f 2HCl-aCaOU+TlaO + COa 1 (in cold) 

Tn the first double decomposition process stated above, metallic zinc reacts with 
dilute sulphuric acid producing gaseous hydrogen as one of the products. In the 
second case, carbon dioxide gas is formed as a resnlt of reacllrn between oalcium 
«arbonatB and HCl. When the<ie reactions ate conducted in open vessels, both 
hydrogen and caroon dioxide gas is ioriiifd as a result of reaction between calcium 
carbonate and JlCl. When thso reactions are oouduoted in open vessels, both 
hydrogen and carbon dioxide escape into the atmosphere as soon as they axe 
formed. Consequently, the partial pressure of bydre gen or carben dioxide may be 
taken as almost 0 ( zero ], and the reactions will proceed continually from left to 
right in order to maintain fixed values of the equilibrium constants. 

Somotinies. an important product c f a double decomposition reaction is found 
to be more volatile than the other compounds concerned and is driven off by heating 
either as gas or as the vapour of a \olatile liquid. For example. 

NaCl + H.S 04 ->-NaHS 04 +HCI f 
KN0, + HaB 04 -^KHS 04 +HN 0 s f 

When the mixture cl lolld sodium chloride and cone, sulphuiio acid is heated, 
h)drogen chloride is removed from the sphere of action and the reaction goes to 
'ompletion in the forward direction. The reaction between the solid potassium 
nitrate and oonc. <4ulphurio acid is an irreversible process due to OEoape of nitric acid 
as its vapour. 

(h) Many reactions especially thc«te occuning in soiutlon, go to virtual comple- 
tion. Such reactions are regarded as taking piace between the oomponDds which are 
f'llly ionised. Let us consider the following cases : 

(1) nCl+NaOH -►Na01+H90 
( 2 } NaCl + AgN08->AgCl | + NaNOj 

The reaction (1) between hydrochloric a'ld and caustic soda is a simple case of 
ueutralisation ofa strong acid by a strong base or woe-verea. In aqueous solution this 
reaction remaiuB completely a oue-sided one. Here, the reactants hydroohlorio acid 
rem«iuB completely as H+ and Cl~ ions and sodium hydroxide as Na*** and OH* ione. 
We have already discaRsed that tbe process of neutralisation in essentially a leaotion 
(letween H*** and OH" ions produced from an acid and an allkali respectively forming 
undlssociatad moleonles of water. 

Due tj the formation of almost undisEOciated molecules of water, and 
OH*" are constantly removed from the sphere of action. The lonlo ooncenteatione 
of ions produced from the dissociation of vn^ter are ao small as to be negligible. So, 
the combination of and OH* ions is regarded as proceeding in one direotion. 

19 
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In the zenotion (2). both the ealtfl are pzesent completely :aa long In aq.aeoae 
aolntlon. NaCl prodnoee Na*** and Cl* tone and AgNOg is dfesoolated as Ag^, and 
NOs" lond* ^ When a eolation containing siWer niiiato ( Ag'*' and NO»'^) la added to 
one oontalning soilnm chiori^'o (Na*** and 01~) allTcr ohloztdo precipitatcB oat. 
The eBBOntial ^augo is ropresentod aa 

Ag++01--^AgCl + 

Tone Na*** and NOk*" remain in solution. 

The very low aolubiliiy of silver chloride supprcssis any possible reverEo with the 
dlssBolyed Iona and the reaction breomos Tirtaally irrcveraiblo. 


Numerical examples 


(1) The equilibrium constant for the reaction Nj 04 ?=^ 2 N 0.2 at 
497*C is 636. At what pressure, will N^O t be 50% dissociated ? 

Tf we start with 1 gm-molccule of NoOt, then at equilibrium 
NaO4-**0*5 gm-mole 
N 02->1 gm-mole 
Total moles, = 1*5 

Partial pressure of N^O, o and p^o - .I.P 

2 \ 1 3 2 1 J 

(P= total pressure) 


P\o (jlgP )* 

• r » ' 15 ' • 

.. R.„*= 


Vn o 
2 4 


0-5, 

1*5 


636=Q-fy^ or, P= 477mm 


(2) If the value of the equilibrium constant (K) for the reaction 
H 4-1 ^2H[ be 55’5 at 460 C, how much HI would be present at 
the equiUbrium. We start with 1 gm-mole of hydrogen and 075 
gm-mole. of iodine. 

THU 


Let X mol of each of hydrogen and iodine has disappeared at 
eouilibrium producing 2x mols. of hydrogen iodide then molar 
Sneentration of HI, [HI] =2x. [H aJ - 1 - v and ll,l=0 75 - r 
4.v‘'* 4x* 


K-55-5- 


(1 -x)(0-75-v; 075-r75x-l-x* 


or, 4r625— 97'126x-l-55‘5.\:® = 4\“ 
or, 51-5x*-97126x-»-4r625=0 
or] X* -r88x- 0-808 =0 

x=0-72 mole. Therefore 2x= 144= Amount of Hi 

[ From algebra, we know that flx®+Ax+c=0. 

„ On Solving the equation, two values 
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of X are obtained. The other value found in this case is inadtais* 
sible as it exceeds the amount of reactants taken.] 

(3) When 1 gm-mole of acetic acid and 1 gm-mole of cth>i 
alcohol are mixed together, 0*666 gm-mole of the acid is converted 
into the ester at the equilibrium condition. Calculate how much 
ester will be formed if one mole of acetic acid is treated with 
0‘5mole of alcohol. 

CH .COOH -h CqH.OH CH^COOCaHft -H H,0 
1 - 0*66 1 - 0*666 0 666 0 666 


K== [CHjCOOCoHOCHsO] 
[CH .COOHjLCaHftOHl 


666/y) 

(0*333/V)xC0‘333/V) 


= 4 ( nearly ) 


If ^ gm-moles of the ester be formed, tlien accoidmg to the 
Question, 






(T'Yyo-s-x) 


4 


4 = 




u- v)(0*5-x‘) 


This IS a quadratic equation which on solution give^ two values 
of one is 0*423 and the other 1*57. The value i*57 is inad 
missible as 0'5 gm-mole of alcohol can never yield 1*57 moles of 
the ester. 


\ number of moles of ester formed is 0423 

(4 At a temperature of 180®C and a total pressure of 1 atm. 
phosphorus pentachlor<de is dissociated to the extent of 4l*7)&, 
Calculate Kp of the reaction 

When 1 gm mole oi PCI 5 ib taken and the extent of dissociation 
1 $ then (1 gm-mole of PCI „ *c-moles of PCI and < molcb 
of Cl , will remain m the system at equilibnura 

PCls-PCl.+Cla 
1 — < < 


T otal number of moles present = 1— '<-f<-h< = l-f*'>c and the 
partial pressures of PClr,, PCI ; and Cl^ are 



P f P total pressure 


( 0 - 417 )* ^ 
1 - ( 0 - 417 )* 


1=0J1 
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(5) 2 gm-moles of PClj were heated in a closed flask of 2 Ittrc- 
cdpacity. At equilibrium, PCI5 is dissociated to the extent of 40%. 
Fmd the value of the equilibrium constant 
40 X 2 

40% of 2 gm-moles = -]qq-= 0‘8 gm-molc 

At equilibrium the reaction, PClo^^^PCl +CI2 
the molar concentration of PCI , = | PCI ] ~ ^ 2^ ^ ® ® gm-mole 

„ PCI, -[pci ] = ^y -0-4 gm-mole 

and » Cl2=[ci2]=®2^-0 4gin-molc 

j^^0;4 0-4^0267 

‘O’o 
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CHAPTER 1 

OXYGEN AND HYDROGEN 

OXYGEN 


Symbol O Atomic weight 16*00 

Molecular formula Og Atomic number 8 

Position in the periodic table VIB, Electronic configuration 

ls“2s*2p^ 

Scheele discovered oxygen in 1774 and called it 'vital air’. In the same year^ 
Priestley discov red it independently by heating red oxide of mercury and called 
it dephlogisticated air. But its cbemical nature, particulaily its importance in 
coiPbuvtioD and respiration was 6rst recognised by Lavoisier who named it 
oxygen, meaning acid producer. He proved that the products obtained bv heating 
many non-m-ftaU like sulphur, carbon, phosphorus in oxygen reacted with water 
to produce acids. 

In ths free or uncombined state, oxygen exists to the extent of 21% by volume 
or 23% bv weight m the air. It u the most essential element to the life of plants 
and animals. 

Preparation of oxyjien : Some compounds rich in oxygen, 
water and air are used as the sources for preparation of oxygen. 

(A'l Laboratory method of preparation : In the laboratory, 
oxygen IS prepared by heating an intimate mixture of powdered 
potassium chlorate and manganese dioxide. Potassium chlorate 
undergoes thermal decomposition producing oxygen and potassium 
chloride Manganese dioxide simply acts as a positive catalyst* and 
increases the rate of this decomposition. 

2 KC 10 s+[Mn 03 l “2KCl+30^+[Mn0 J 

A mixture of 4 pa. Is by weight of potassium chloride and 1 part 
by weight of manganese dioxide is taken in a hard glass test tube 
fitted with a cork through which passes a fairly wide, bent delivery 
tube The tube is then clamped to a stand in a horizontal but 
slightly inclined to downwards position. A passage is left over the 
mixture along the length of the tube for free escape of oxygen. 

The other end of* the delivery tube is dipped under water in a 
pneumatic trough. The test tube is then carefully and uniformly 
heated (the end near the cork is heated first) when potassium 
chlorate decomposes to produce oxygen. Oxygen thus liberated 
passes through the delivery tuuc .ind begins to evolve through the 
water lu the form of bubbles. The gas is allowed to escape for 
sometime till the air inside the test tube and the delivery tube has 
been driven out. Now a gas-jar completely filled with water is 
inverted over the bee-hive shelf of the trough so that the’ end of the 
delivery tube reaches the mouth of the jar through an opening. The 

* DeBnition and explanation of catalysts have been given in page 12. 
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evolved oxygen collects inside the jar by downward displacement of 
water. Several jars of oxygen may be collected by applying the 

same procedure. 

Oxygen prepared in this 
way may contain in slight 
amounts chlorine, carbon dio- 
xide^ water vapour as impuri- 
ties. To purify the gas, it is 
first passed through a concen- 
trated solution of caustic 
potash when chlorine and 
parboil dioxide are absorbed 
and then through cone sul- 
phuric aud or phosphorus 
pentoxide to free it from 
water vapour. Pure and dry 
oxygen is finally collected by the displacement of meicury.yf^ 

Precaution : (i) Comparatively pure mangan 'se dioxide freed from carbon 
particles aad antimony sulphide must be used. Manganese dioxide contaminated 
with po^rdsred caibon may cause serious explosion when heated with potassium 
chlorate, (ii) The half of tbe test tube used in the preparation should be kept 
vacant for easy escape of oxygen, (in) The mouth ot the test tube must be kept 
slightly inclined to downwards position so thut the water from the trough may 
not enter cbe heated tube egsily and crack the same (iv ) Heating must be done 
uniformly, (v) The end of the delivery tube is to be kept over water after the 
collection of the gas to prevent the entry ot water in the hot tube trom the trough 

l^Role of manganese dioxide in the preparation of oitygen from 
potassium chlorate : When heated alone, potassium chlorate decom- 
poses to give off oxygen. But this decomposition occurs at a fairlv 
high temperature and in two stages. At first, at about 360 C, u 
liberates a small amount of oxygen and is rapidly converted into 
potassium perchlorate and potassium chloride. 

4KC10,-3KC104+KC1. 

With the rise of temperature ( near about 610 C), the mass 
becomes pasty and at 630''C decomposes producing oxygen and 
potassium chloride 

KCIO^ - KCH-20 

But in presence of manganese dioxide, the thermal decomposition 
of potassium chlorate takes place at a much lower temperature 
(200 — 240®C) and the oxygen is evolved much more steadily. 

Manganese dioxide acting as a positive catalyst accelerates the 
decomposition of potassium chlorate but does nut suffer any change in 
mass^ chemical properties and composition. 

The catalytic effect oi manganese dioxide on the douomposition of potassium 
chlorate can be proved by the following experiment. 

A weighed quantity of a mixture of potassium chlorate and manganese dioxide 
(in the ratio of 4 ; 1) is taken in a hard glass test tube. Into each of two other 
tubes, an approximately equal bulk of potassium chlorate and manganese dioxide 
alone are taken separately. Three tubes m then surrounded with sand on a sand- 
tray 80 that they are close together and vertical. Now the sand-tray is heated dowly. 



Fig. 2 (1) Preparation of oxygen 
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It is found that at a considerably lower temperature, the gaseous oxygen is freely 
evolved from the tube that contains the mixture when there is no sign of any gas 
from either of the other tubes. A glowing chip of wood is immediately rekindled 
when It brought near the mouth of the tube from which oxygen comes out. This 
proves that the evolved gas is oxygen. 

The tube is then allowed to cool and 
the residue is treated with water. 

Potassium chloride goes completely 
into the solution while manganese 
dioxide is left undissolved. Ibe 
UDdissolved manganese dioxide is 
recovered by nitration, washed 
several times with water and finally 
dried in an air-oven. It is then 
weighed. The weight of maeganese 
dioxide thus obtained is found to 
be equal to the weight of manganese 
dioxide originally taken This MnO^ 
can again be u^ed for decomposing 
fresh quantities of KC.Os. Further, 
on heating with cone, hydrochloric 
acid, this manganese dioxide gives 
the greenish yellow gas chlorine. Thus, it is proved that manganese dioxide plays 
the role of a cataly-^c and chemically remains unchanged after the reaction. 

Besides manganese diox»de, some other metallic oxides such as cupric oxide, 
ferric oxide etc also act as catalysts in the decomposition of potassium chlorate. 
II ‘wever, manganese dioxide is the mo'^t effective and widely used catalyst in this 
deco'u position I* tray be stated here that although manganese dioxide remains 
chemically unchanged it undergoes slight physical changes. If is more finely 
divided and brown when the reaction is ovei. From these phyhical changes, 
some chemi>ts suggest that I he catalyst enters into reaction by taking up oxygen 
from the chlorate to form an unstable intermediate higher oxide which then 
deco PI noses into oxygen and the original manganese dioxide. 

(B) Certain metallic oxides give oflF oxygen when Jieated. 

2HgO - 2Hg+0, ; 2Pb05 =2Pb0+0. 

Mercuric oxide Lead dioxide Lead monoxide 

2Pb«0^ --6Pb0+0^. 



Fig. 2(1 A> Role of manganese dioxide is 
the decomposition of potassium chlorate 


Red lead 

Oxygen from mercuric oxide : Red mercuric oxide is taken and 
heated in a hard gla.>s test tube fitted with a bent delivery tube. 
Mercuric oxide thermally decomposes producing mercury and 
oxygen. The gaseous oxygen masses through the delivery tube and 
is collected as usual by the downward displacement of water. 

2Hg0-2Hg+02. 

(Q Oxygen may be obtained by strongly heating many salta 
rich in oxygen. 

2KNO^ + 

Potassium nitnW 

2PbO -r 

Lcad I. ^oxide 

K^MnO* -r 

Potasdum mangaaate 


2KNO 

Pota<>8ium nitrate 
2Pb(NO,)i, - 
Lrad O'trato 
2KMnO. 

Potassium permanganate 

4K,Cr^O, = 

Potassium dtehr ornate 


O, 

4NO, +0, 
Nitrogen'dioxide 
MnOja +O2 


4K2CrO, + 

Potassium chromate 


2Cra08+302 
Chromic oxide 


.j^'Oxygea from lead nitrate : The white crystals of lead nitrate 
decomposes to give off gaseous oxygen and nitrogen dioxide when 
heated. Lead monoxide, a yellow solid, is also formed at the 
name time. 2Pb(NO,), =2PbO+4NO, +0, 
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lead nitrate is taken in a hard glass test tube fitted with ft 

delivery tube The delivery 
tube IS then connected with 
one limb of a U tube kept 
immersed m a freezing mix- 
ture (a mixture of ice and 
common salt) Another deli- 
very tube i« attached to the 
other limb of the U tube and 
Its free end is kept under 
water The test tube is then 
g ddually heated when oxygen 
along with brown nitrogen dioxide gas passes through the U-tube 
Nitrogen dioxide condenses to a brown liquid and remiins in the 
U-tube while oxygen comes out of the other delivery tube and is 
collected bv the downward displacement of water iy 

(D) Oxvgen can be obtained bv heating certain oxy-aiids such 
as conctntrUed nitric acid and concentrated sulphuric acia 

Oxygen from concentrated nitric acid When concentrated nitn 
acid IS allowed to fall drop b\ drop on red hot pumice st jn ’I 
decomposes into oxygen, brown nitrogen dioxide gas ind steam 

4HNO, 4NO -^2H,0-r0 

A distilling flask, half filled with piimict t'^ne is fitted wit> ^ 
dropping funnel. The side tube (delivery tube) of ibc as 

connected to one limb of a U-ti be kept immersed in a Ine/ine 
mixture The other limb of the U tube i attached to i bent 
delivery tube, the end of which is placed l le- water The l»as^ i 
then strongly heated and eoucentrated i it w lud is poured from 
the dropping tunnel by drops on 
the red hot pumice stone The 
acid IS thermally decomposed to 
produce a mixture of oxygen 
nitrogen dioxide and steam , the 
mixture IS allowed to come out of 
ihe delivery tube ind is passed 
through the U-tube in which nitro 
gen dioxide and steam conden e 
and remain m the tube in the liquid 
form Oxygen passes on and is 
collected as usual by the displaee 
ment of watpr 

Similarly, oxvgen ean he obtai- 
ned from concentrated sulphuric 
acid by allowing it to drop on 
the red hot pumice stone The 
decomposition of cone H^S 04 at 
the high temp is expressed by the following equation 
2H^S04 2SO, f2Hj,0-h0, 
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Ft 2(2) Preparition of oxygen 
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In this case, a njixture of sulphur dioxide, oxygen and steam 
comes out of the delivery tube and enters into the cooled U-tube 
where sulphur dioxide and steam condense to liquid. Oxygen 
passes out and is collected over water. 

(E) Oxygen may be obtained easily from hydrogen peroxide or 
a metallic peroxide. Hydrogen peroxide decomposes spontaneously 
into water and oxygen even at the ordinary temperature. The rate 
of this decomposition is increased by application of heat or in 
presence of a catalyst like ground glass, manganese dioxide or 
platinum etc. 2H*02=2Ha0+02 

When sodium peroxide reacts with water, oxygen is readily 
evolved The solution reacts alkaline due to the formation of 
sodium hydroxide. 2 Na 20 a+ 2 H 5 j 0 ~ 4 Na 0 H-i“ 02 . 

Drop wise addition of hydrogen peroxide solution into a solution 
of aci Jified potassium permanganate liberates oxygen in the pure 
form The other products formed in this reaction are potassium 
sulphate, manganous sulphate and water. The pink potassium 
permanganate solution becomes colourless. 

2K:!Vln04-|- 3H2S0^ + 5H2O2 - K^SO^ I 2 MnSO, + 8 HaO-f' 50 ^ 

The oxygen is set free when bleaching powder and hydrogen 
peroxide are allowed to react with each other. 

Ca( 0 a)CH-H 202 - CaCi, 

( 1 ) Preparation of oxygen at ordinary temperature : Oxygen may 
be prepared at the ordinary temperature by dropping ( 1 ) water on 
sodium peroxide or ( 2 ) ijydrogen peroxide solution iuto a solution 
of potassium permanganate acidified with dilute sulphuric acid. 

Sodium peroxide is taken in a conical flask fitted with a delivery 
tube and a dropping funnel containing water. VValcr is added to 
sodium peroxide drop by drop when oxygen comes out rapidly 
through the deli very tube and iscollccted by the displacement of water. 

An alternative preparation 
in the same apparatus is the ' 

drop by drop addition of hy- 1" j ‘ ' 

drogen peroxide solution ^ 

from the dropping funnel to 
a solution of potassium per- 

manganate in dilute sulphuric 't“~ 

acid taken in the conical flask. } 


A rapid evolution of oxygen 
occurs Oxygen thus liberated 
is collected by the displace- 
ment of water, 

< ^( 2 ) Preparation of oxygen 
from water : (a) Electrolysis 

of water (being made slightly 
alkaline) with iron or nickel 
electrodes liberates oxygen at 
the anode, (b) Steam, on being 



Fig. 2 (4) Preparation of oxygen 
at tht ordinary temperature 


treated with gaseous chlorine, gives off oxygen together with 
hydrogen chloride. 2 H 20 + 2 Clj= 4 HCl+ 0 a 
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(3) Preparation of oxygen from air : Air is a mechanical mix- 
tiire containing mainly nitrogen and oxygen ( f part by volume of 
nitrogen and I part by volume of oxygen ). The main constituents 
of the mixture (e.g. oxygen and nitrogen) can be separated by frac- 
tional distillation of liquid air. Hence, air can be used as a source 
in the large scale preparation of oxygen. 

This process of preparation involves the following steps : 

(1) Removal of carbon dioxide and moisture from the air , 

(2) Liquefaction of air at low temperature and high pressure ; 

(3) Separation of oxygen and nitrogen by fractional distillation 
of liquid air. 

Air is first freed from carbon dioxide and moisture by passing it 
through solid caustic potash and concentrated sulphuric acid in 
succession. Dry air is then brought under very high pressure by 
means of a compressing pump and is cooled by running water. 
Joule and Thomson showed that if a gas under high pressure is 
forced ^o come out through a small hole and is allowed to expand 
suddenly to a l.iwer pressure, the issuing gas suffers a fall in tempera- 
ture. This phenomenon is known as Joule-Thorason effecH This 
effect (i.e. sudden expansion and consequent cooling) is utilised in 
the liquefaction of air. The compressed air is pumped down a 
lacketted copper spiral tube under high pressure fr >in which it is 
allowed to escape through a no/zle controlled by a valve and 
expand to almost atmospheric pressure. The air, cooled due to the 
Joulc-Thomson effect circulates through the jacket round the spiral 
tube and cools further the incoming compressed gas. On repeating 
the cycle of compression and expansion several lim?s, the tempera- 
ture of the expanding air finally falls beluw^-- 190 C and the air is 
condensed to a liquid It is mainly a mixture of liquid nitrogen 
and liquid oxvgen. Liquid nitrogen boils at — 195 C and liquid 
oxygen at — 183 C, 

Now, on fractional distillation of the liquid an in a specially 
designed apparatus, more volatile nitrogen comes out first and 
finally almost pure oxygen remains in the distilling vessel. The li- 
quid oxygen is evaporated, compressed and stored in steel cylinders. 

Properties of oxygen — Phy.sical ; (1) Oxygen is a colourless, 
odourless, tasteless, neutral gas which can be liquefied to a pale 
blue liquid (b.p — I83"C ) at the low temperature by compression. 
On further cooling, it can be converted to a blue solid (m p 
—281*4 C). (2) It is a little heavier than air. \3) It is only 
slightly soluble in water which dissolves 4% by volume of oxygen 
at O'T Hence, nsh and other aquatic animals can live in ^ater 
containing this dissolved oxygen. 

Chemical : Oxygen is an exceptionally active element. 

(1) 7/ shows allotropy^. The allolropic modification of oxygen 
is ozone. 

^ Definition and explanation of allotropy have been given in page 14 of ibis 
chapter. 
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(2) Oxygen is not combustible but is a supporter of combustion* 
of other substances. During combustion, a substance is oxidised 
by oxygen. Wood, wax, kerosene etc. continue to burn in the gas 
when ignited. Metals like sodium, potassium burn in moist air 
spontaneously. 

(3) Many non-metals and metals combine directly with oxygen 
to form oxides either at the ordinary temperature or when heated 
with the evolution of heat and light. In the formation of the 
oxides, oxygen acts as an oxidising agent. 

The non-metals like carbon, phosphorus, sulphur etc. burn in 
oxygen with bright flames and form acidic oxides. The oxides when 
dissolved in water produce acids, react with bases to form salts and 
^urn blue litmus solution red. 


Acidic oxide Acid 

C-h 03=C02 ; CO2 + HoO=H..C 05 (carbonic acid) 
4P-f503=:2P.,0, ; P^06+3H;0-'=2 Hc.P 0, (phosphoric acid) 
S-f- Og-^SOy ; SOg-f Hg0=HgS03 (sulphurous acid) 

Salt 

H.CO3-I- 2Na0H=NagC08i-2H,0 
2H;pO^ -f 3Ca(OH) . = Cus f PO J . + 6H 
Cad- CaSO^-j-HgO 

Heated sodium burns in oxygen w'lh a bright yellow flame and 
forms basic oxides, (i e. sodium oxide and sodium peroxide). 
Burning magnesium continues to burn in oxygen with a dazzling 
flame and produces an oxide which is feebly basic in nature. 
Strongly heated copper combines with oxygen, giving the black, 
basic cupric oxide. The metallic oxides react with acids to give 
salts and water and the aqueous solutions of soluble metallic oxides 
react alkaline and turn red litmus blue. 


4Na-fOg-2Na.O 

2Na4-Og=NagO, 

2Mg-t-0.,=-2Mgi; 


NagO hH,0-2Na0H 


2Na„0g*f2H„0-4Na0H+0,, 
Mgd-fH 50 = Mg(0H)„ 

MgO 4-2HC! = MgCI . -j-H 

2Cu-fO,=2CuO ruO-l-2HCl=CuCl/4H20 

A jet of hydrogen burns ia oxygen with a blue flame, producing 
water. 21^2+0.^ - 2H.,0. 

Non-metals like chlorine, bromine, iodine and metals like 
gold, platinum etc. do not combine with oxygen directly. 


It to be noted here that oxygen means acid producer. The oxide:* formed 
by barning cirbon, sulphur, phosphorus etc. ii; oxygen are acidic in nature and 
react with water to form acids. Bemuse of these, the gas was named oxygen 
by Lavoisier. But the use of the ntsmr is not appropriate in the following cases. 


* The term cooabu^'tion is applied to any chemical combination accompanied 
by evolution of heat and often light in which one or more of the reactants are 
gaseous. Combustions in oxvgen or in air are r*o familiar that combination of 
a substance witb oxygen evolving best and light is commonly known as combustion. 
In the pbenomenoo of combustion, the substance which burns is refened to as 
combustible* and the atmosphere surrounding the burning substance is known as 
a supporter of combustion. The two terms are relative. The combustible material 
is oxidised by the supporter of combustion during combustion. 
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Metals like sodium, potassium, magnesium svheu burnt in oxygen give oxidefr 
which react with water producing alkalme solutions. Again, hydrogen burns in 
oxygen forming water which is neutral in character. 

(4) Oxygen does the function of an oxidising agent either by 
uniting directly with a substance or by increasing the proportion 
of electronegative element of a compound. Colourless nitric oxide 
gas combines directly wiin oxygen forming brown fumes of nitrogen 
dioxide Sulphurous acid \s oxidised by oxygen to sulphuric acid 
Oxygen oxidises acidified lolutions of ferrous and stannous salts to 
tho^coi responding feme and stannic compounds. 

2NO f 0^=- 2NO. ; 2H.SO ,-4 O -2H^SO^ 

" 4 eCl^H-4Hri+0,-4FcCls-f2H O, 2SnCI H-4HCH-0^ 

-2SnCl^ h2HO 

In many re ictions. the oxidi<J»ng power of oxygen is enhanced 
con^dcr ibiy i • presence of ciialysts Thus, sulphur dioxide and 
ammonia can oxidised bv oxygen to sulphui tnoxide and nitric 
oxide re^pectr.elv in presence of plitinum cataivsl 

2SO 4-0^- 2SO, , 4NH, 1-^0 =-4NO-fCir O 
The alkaline soluti n of potassium pyrogallale absorb.i 
oxygen inJ the coloui of the solution becomes brown Due to 
absorption of oxygen, ammoinacal solution of cuprous chloride 
turns blue on exposure to an 

Experiments to pro^e the important properties of ovygen 

(D n nof tomh^stihle hut is a supporlei of iomhustum of 

other nbstanc s A glowri chip >f wood o oUrodi'.cfl int(» a jar 
of oxygen fiie chip i"^ iiiimedutclv rekindled ic, it bnist> into 
flame but the gas does not \ vrn 

(1, Sonie non-metals bum in owi^en to prodwe atidu oxiie'^ 

(a) \ p’cee of ch i^coal taken on i dtil igratiu » si ot n is hcateo 

in j Bunsen flanc till it glows fins pie^e of 
glowing ch If coal is then introduced into a lar of 
oxygen , charcoal burns bright iv Ci mbinins 

vigorously with oxygen lo give curb >ri diovide 
Tne spoon is taken and the contents of the 

jar aie >hakeri with water The solution thu^ 
produced turn^ blue litmus slightly icd and turns 
cleir lime water nulky This shows lhat carbon 
burns in <»xvgen to produce c irl on dioxide which 
dissolves in water guing an acidic solution. 
Carbon dioxide or its aqueous solution turns lime 
water milky due to the form'ition of white 
1 isoluble calcium carbonate This servea as a lest 
for ldentlfl^-atlon of carbon d '\ide 
C4-0,=C0 , C03+Ca(0H)^-CaC0,| . II O 
(b) lo a similar manner, a piece of feebly 
burning sulphur is inserted into a gas-jar of oxygen 
Sulphur burns more brightly with its charac- 
teristic bluish wnite flame and fumes of sulphur 
dioxide having a peculiar suffocating odour are 



Fig 2(5) 
DeflagratiDg 
spoon 
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given off. A little water is added in the jar and shaken. A portion 
of ihe aqueous solution is treated with a few drops of blue litmus 
solution, the colour of the indicator turns red. A piece of paper 
soaked in acidified solution of potassium dichromate when added to 
this solution is turned green. Sulphur dioxideis detected by these tests. 

(c) When a piece of burning yellow phosphorus taken on a 
deflagrating spoon is introduced i?i a jar of oxygen, phosphorus 
burns with a dazzling flame, emitting dense white cloud c^f phos- 
phorus pentoxide. When shaken with water, the oxide dissolves 
giving an acidic solution which turns blue litraui! red. 

, 4P-|-50a=2P,0., : P,0,.+3H,0 -2H„P04. 

(3) Some metals burr, in oxygen to form metallic oxides most of 
which are basic in character 

(a) A small piece of sodium taken on a deflagrating spoon is 
hfated until it begins to burn. The burning sodium is then intro- 
duced into a jar of oxygen. Tiic metai conliaucs to bum more 
brilliantly with a golden yellow flame. The residue left after the 
reaction is dissolved in w^ter. Th*s qaeous solution turns red 
litmus blue. This proves that the oxides f jrmeci by hurnwjg sodium 
in oxygen possess alkaline charocter. 

4Na40.,-2Na.0 : ?Na 4 O. - Na.O., 

^ Na,04Hc,0--=2N:i0H ; :Na,0, -1-2H,0 = 4NaOH-4 

(b) A piece of burning magnesium ribb on is inserted ii to v jar 

of oxygen by means '’'f ton s '• burns wjtii a more 

da/^ling flame and leaves a wlnie jv h of magnesium oxido which 
possesses slightly alkaline cijLra^ler. Tiie soinrion obiaiacd by 
boiling this ash wit;, water tuns crlouricss pher^olrdithalein 
solution red.' „ 2Mg4(>»“2MgO ; MgOfll = OHjjj 

(c) The bottom of a gas-jar full of .nvjrcn covered with a 
layer of sand. A piece of iron wire tipped 
with a little sulphur ( or carbon ) 
heated in a Bimsen flume until the sul- 
phur begins to burn and plunged 
quickly in the gas-jar of oxygen. The 
iron wire burns, giving off a shower of 
sparks and Anally browu^ ferroso feme 
oxide is deposited at the bottom of the 
jar This oxide is insoluble in water. 

3Fe420j,=Fe304.. (ferroso ferric oxide* 

(4) Alkaline potassium nyro^alL^f 
solution absorbs oxygen, A test tube fibeo 
with oxygen is inverted in alkal'. e pota- 
ssium pyrogallate solution. The solution 
enters the tube slowdy and fills it ur 
completely. The colour of the solution 
becomes brown. This proves that oxygen 
is absorbed by alkiline pyrogallate 
solution which rises up the tube to fill up 
the vacuum caused due to absorption. 


IRON 

WIRE 



Fig. 2(6^ Burm'pg of iron 
in oxygen 
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^ l^es of oxygen . (1) Oxygen is largely used in pioducing oxy- 
hydrogen and oxy-acetylene flames, lor generating lime light. A 
mixture ot hydrogen and oxygen when lighted at the mouth of a 
narrow tube p'-oduces an intensely hot flame (temperature about 
2000 C) known as o\y-hydiogen flame It is used in the production 
of luiie light Oxygen and acetylene on being burnt together gives 

Acnvi PNF 


I lo (7 j acetylene torch 

oxy-acetylene flinie tempi reawhe«- abiut ^200*'C) which is used for 
welding and ciuiiag e\en very thuk steel plates ^2) It is ustd m 
the industrial mel’icds of "iicp ir ifion ot sulphuric acid and nitric 
acid is M*cd a the a*-tificial respiration of patients 

sulTeriiia f i m oieatliHig tr>i oiC'. or when anaesthetics are adminis- 
tered to patients It al u cd is an nd to breathing v he^e 
nauni supply ot owgcn is insufliciwni, i r estmple, m li eb- 
altitadv Ilyin j; or climbing m submarine Geuerallv licjiwd 
oxygen Is b^cd in thC'*? 4' i muid oxygen > >aked in fl'^elv 

powdered chir oal is iis d as i Slistmg explosive in^mmes (S) 
Oxygen is abo used in the prcpardi >n of v inishe> ind for miking 
steel in tlic ne v L-D pn'cess. 

Test for oxygen il) Jl rekindles « clowing chip of wood 
This test gener illy distinguislns it fiom all other cases except 
nitrous oxide 

(2) It forms brown lumes ol nitrogen dioxide when it rc ids 
with the rolourleso nitric oxide (NO). 

2NO-^() --2NO . 

Nitrou^* oxide has no effect on nitric oxide 

(3) Alkaline potassium pyroga I ite volution turns blown on 
absorbing oxygen 


Catalyst -Catalysis 

It is sometimes ob^ei I cd thit the 'cKicity of rony chemicil 
reactions is altered ^either acceler itcd or decelerated) by the 
presence of a foTcign substance 'other than the reactants) which 
remains chemically unchanged it the conclu'^i'in of the reaction. 
Substances possessing the ability c f affecting the late ul reactions 
are>Brmed catalysts or catalytic agents 

A catalyst is, therefore, defined to be a substance which by its mere 
presence, even in small quantity, influences the speed of a chemical 
reaction, itself remaining unchanged in mass and chemical composition 
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at the end of the reation and the process in which the rate of a 
chemical reaction is increased or decreased considerably by introducting 
a small quantity of a foreign substance which takes no part directly 
in the reaction Is designated as catalysis. 

The catalyst which enhances the speed of a reaction is called 
a positive catalyst while the catalyst retarding the reaction rate is 
known as a negative catalyst. The negative catalysts are also referred 
to as inhibitors. 

In the laboratory, oxygen is prepared by heating a mixture of 
potassium chlorate and manganese dioxide. Here, manganese 
dioxide acts as a positive catalyst. It causes the decomposition of 
KCIO;, to occur rapidly at a lower temperature but- itself remains 
unch mged in amount and chemical nature. 

2KCIO,, 4-(MnO J=:2KCH-30,+tMn0,]. 

Finely divided platinum is used as :i positive catalyst in the 
combination of sulphur dioxide and oxygen to yield sulphur trioxide. 
2SO^ -h Oy -“2SO.,. Powdered iron acts as a positive catalyst in the 
industrial preparati^-n of ammonia from hydrogen and nurogcn. 

Hvdrogen peroxide decomposes spontaneously into oxygen and 
water. 

The rate of this decomposition is showed down if a minute 
quantity of sulphunc ac?d is aided to it. Here, sulphuric acid acts 
as a negative catalyst. 

Sodium sulphite is readily oxidised to sodium sulphate by 
oxygen, 

2Na,,SO., 4 -O 3 - 2Na2SO , . 

But this oxidation can be retarded b\ introducing a minute 
amount of glycerine which acts as an Inhibitor. 

Characteristic feat res of catalysis: (i) The function of a 
catalyst is to accelerate »»r retard the speed of a chi-mical reaction 
but the catalyst itself suffers no change in mass and chemical compo- 
sition. It may change its rhysi.-aJ nature during a reaction, e.g. 
coarsely powdered manganese uioxidc used in the preparation of 
oxygen may become line po%vder at the end of the reaction. 

(2) The presence of a very ^raall amount of 0 catalyst can in- 
fluence appreciably the speed of the reaction. A minute quantity 
of reduced iron can bring about the combinaiion of large 

quantities of nitrogen and hydrogen to produce ammonia. 

^3/ The catalyaNt tan never a reaction which dots not take 
place at all. It only accelerates or retards the speed of the reaction 
which occurs either ext-emely slowly or rapidly. 

(4) Id a reversible reaction, a given catalyst influences both the 
forward and the backward reactions equally without affecting the 
final state of equilibrium. 

(5) One of the outstanding features of catalysts is their 
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specificity. Generally, a substance which acts as catalyst for a 
particular reaction fails to catalyse another. It is true that some 
substances are found to catalyse more Chan one reaction but it is 
not the case that catalysts can be interchanged between reactions 
at will. 

Sometimes, it so happens that the activity of a catalyst is 
appreciably enhanced by the addition of a small quantity of another 
substance which itself is not a catalyst. Such a substance is known 
as a promoter. Thus, the promoter is a non-catalytic substance 
which is able to increase the activity of a catalyst to which it is 
added in relatively small amount. In the manufacture of ammonia, 
the catalyst used is powdered iron piomoted by potassium and 
aluminium oxides or molybdenum powoar. 

Again, the catalytic activity of a given catalyst is sometimes re- 
*"duced to a marked extent or lo^^t completely by the traces of foreign 
substances. Such substances having the power of inhibiting or 
even completely destroying the efficiency of the catalysts are 
referred to as catalytic-poisons and the phenomenon is known ns 
poisoning of catalysts In the manufacture of sulphur trioxide from 
sulphur dioxide and oxygen* finelv divided platinum is a suitable 
catalyst. But dust or arsenious oxide is a poison and it completely 
destroys the activity of the platinum catalyst. 

.A' Auto catalysis : So Tir, the catalysts have been regarded as 
foreign substances added to the reacting system. However, it is 
sometimes observed that one of the products fo»'med* during the 
reaction acts as a catalyst for that reaction. This phenomenon is 
called auto catalysis. 

The reaction between p<*tassium permanganate and ho* 
acid solution in presence of dilute sulphuric acid is veiy i»low at the 
start but it proceeds very rapidly as soon as <1 little manganous 
sulphate is formed as a result of interaction of the reactants. Here, 
ions catalyse the reaction. 

Allotropy 

It is a well known fact that under suitable conditions* some 
elementary substances may exist in more than one form having 
distinct differences in their properties (mainly physical). 

Ordinary gaseous oxygen as present in air or prepared by 
chemical methods is diatoimc i.e a molecule of oxygen consists of 
two atoms of the element. Now, chemical union of three atoms 
of oxygen gives ri*e to the molecule of another gaseous substance 
known as ozone. So the formulae of oxygen and ozone are and 
Ob respectively. In fact, both oxygen and ozone are two different 
forms of the same element. But the two forms differ in many of 
th^ir characteristic properties. 

The property by virtue of which an element can exist in two or 
•more forms in the same physical state differing mostly in physical 
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properties and in some chemical ones is called allotropy. The 
different forms of the element are known as allotropic modifications 
or allotropes 

Usually the less familiar form is marked as the allotropic modifica- 
tion of the element Thus, ozone is an alio trope of oxygen Besides 
oxygen, the allotropic forms of carbon, sulphvr and phosphorus 
are well known 

Allotropy arises either due to the difference in the number of 
atoms in the molecule or (ii) due to the difference in the mode of 
arrangement of atoms in the molecule The first case is illustrated 
by Oj and In the second case, the different allotropes will 
contain the same number of atoms in the molecule as observed in 
carbon and sulphur. The difiVreoce in the amount of available 
energy is sometimes regarded as one of the causes of al^Mropy. 

Allotropic modi^c am ms of carbon, ph'*phorus and sulphur 
will be discussed ip detail later 


UYDROCiLN 


Symbol H, 

Molecular formula H , 

Position 111 the periodic t lA or \ I IB 
oiisputed) 


A* wl J 
^tom^c ni mher I 
Hertronic con- 
nguiation Is^ 


Sir rrjnrv C avendinh (1776) the first r» establish that h\droL.en was a 
J-iso not subs tan e He ailed il r ffa nmahle air Lavo ‘•if^r (• 178) oioved its 
r*le nentarv aaturt a id nained ii h Jiogcn (meanng water producer ) it produced 
9iatcr on burning ii> ui 

i I the free state, it does not occur in nature in anv anpreciab’e .sfen, lo the 
uncombioed state ir exists in traces on)> lu manv vok'niic and other natural gases 
and in the atmosphere ot the sun Uiit the Heme it occurs in v ist quantities «n the 
combined state in such compounds as water, acid'^, alkalis and most organic, 
ubstances 


Preparation of hydrogen : Hydrogen is prepared from acids, 
alkalis and water. 

( 1 ) From acids ; 

(A) Laboratory method of preparation ; Tlydrogen is most 
commonly piepared in the laboraiory by the action of granulated 
zinc on dilute sulphurs icid. Zinc replaces the p>dioj?en of the 
acid and produces zinc sulphate 

/nfH 8 S 0 ^-ZnS 04 ^ H,. 

Some pieces of granulated zinc (commercial) arc taken in a two- 
necked Woulfc’s bottle fitted with ga^-tight corks. Through one of 
them passes a thistle funnel reaching almost ij the bottom of the 
bottle and through the other a bent delivery tube is introduced. 
Water IS poured down the thistle funnel so that tne end of the 
funnel and whole of zinc dip under the water. The lower part of 
the delivery tube must be kept well above the surface of water. 
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As hydrogen forms an explosive mixture with oxygen of the air, 
the apparatus must perfectly be made air- tight first. Having done 

THISTLE HJNNEL this, the end of the deli- 

very tube IS put under 
water lust below the hole 
1 1 the bee-hive shelf in 
the pncumitic trough. 
Now dll. sulphuric aud 
(1 is poured down 
I the thislie funnel and the 
bottle IS shaken slowl> . 
The rcdction starts 
soon as ^iiic comes in 
conta:rt with the acid. 

I Iff ?(8) Prepardtior ot hyiltOe-n in tht ldHr>rafoi> H>drOi 2 Pn evolves at 
the ordinary lempeuturc ind begins to c me out through the 
delivery tube The gas is allowed to escap' as cH rve^eeme for 
some timw to cnsuie compute removal ol air hoM inside the 
Woulfc’s bottle and the delivery tube VV»icn the an iS completely 
driven out, a "^s-jar completel> hlM \/iili w ter in inverted 
over the end of the delivery tube dipped und^i water The gas ]ar 
must not cc ntim am ai inside Kydioi^m ^.ollevt indie jar 
the down waid dt'- placement of water ^ v ral lar of hydrogen 
may similarly nc collected ^ 

PreCciyMons Oaring t t p epaiaiion and collection >t hvihoccn by this 
pro'^ess some prti.aution'* ire to be taken 

0) The cod ot the thistle tunni 1 and granulated /me niu^i "m in under d c 
surface oi the liquid tn the Wojlt i» boft’ (i Gi^ light w ks must be uved 

The apparatus must b"* complc*f^ r tight i > tcslf>r it, jii i blown Irom the 

mouth through the free end of the deln rv tubs when w ^icr rises up the stem ol 

the thistle funnel The end ol th- delivery lube is tn-a closed b/ the finger If 

the appaidtub IS fullv air-tight the suria^e of wptcr m tic funnel will reniaic 
stationary and will show no nndcu^'v to d3sce»irl grac'ua'K (in Before colle^ »rr 
hvdrogen, the gas must bs alls wtd to escape toi s oe iijiie so that wh >k air 
inside the dppaiatus IS drivou OL* To eiisuic tins a ic t tube is tille i up NAitb 
h> drogen b 3 the displa^erntn^ ot water t losing ^ he tube with the ihumn » is 
brou<*ht nedi a Bunsen flamt P th b^rns with ^ o si'i' d. tl e it is free from 
dir inJjtitiD hat air has bten toninlcu Iv ifioovid Iro n the mraratus i^hr 

gas jdi * used m collecting the gis mast p it v ontain any air buhn e tv N iiame 
should be kept nearby as hi iro^en exploats violent^ air it a flanw ici he- 

the mixture. 

In connection wirh the prepar t on ot hydrogen, th* to low in ^ points aie also 
to I c k^i t in min i 

(d Pertec ly t ’ff lu i ro» leawt w>*ii sulph n 'a i^oricjcts to croduc*’ 
hv 1 og.. 1 vC y low ' ai 1 lu muiu *. ira > m Th. rcudj is ca reme’y slow for 
in fiV factors relit *• to ele u c la v ic natvri. o tn inetalli zinc So 

BtanuUteJ i\Tt^ (w >ua n-rcn 1 b’y used. It m f i* ^opptr sulphate solution 
IS added to I ir^ / k, z i s< ivrfd with a thm lavci ot c »ppcr The resulting 
z cojp’e » a;*s p *i Iv vith d lute a**! S evoK tie hydroe n (2 During 

the fraction b^siwcen / nc and t n su^pharic a id a P'lri ot the »cici gets leducec 
to sulphur dioxide Therefore, cold and dd su phu. *c acid is used In place 
ol dll sulphunc acid, dil hydrochloric acid CaQ a^so be used Hydrogen liberated 
by the action ot metals on concentrated hydrochloric acid is impure and will 
invariably contain tumss of volatile hydrogen chloride Thus cone hydrochloric 
add IS unsuitable for liberation of hvdrogen 
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Purification of hydrogen . Hydrogen prepared by the action of 
commercial zinc on dil sulphuric f\c\d is not pure. It contains 
impurities like hydrogen sulphide (H^S), pho^iphine (PH,), arsine 
(AsH sulphm dioxid; (SO J, carbon dioxide ^CO^), oxides of 
nitrogen, ni nstuic in iHiall quantities. It aKo contains traces of 
nitrogen Thi^ impure hydrogen gas may be purificj by passing it 
in suc^e.iion through a senes of U-tubcs containing the foilovving 
reagents - 

(a’i Leid nitrate st lution to absorb HgS 

•b Silver s dphatc solution to absorb PH and AsH^ 

(c/ Solid caustic poijsli to absorb CO«. SO^ and o cidts of 
nitrogen 

(d) Cone sulphur»c acid or phosphorus pentoxide lo arrest 
moiitiire 

Ho\\cv r hvdmgen is not so e.^sih {icc \ fiom nitrogen. 

T ' remove mtiogci , the gas is passca in an evacuated glass baib 
conlainji/g pail idium i ’‘ils which absorb hyJ>^open and nor nitrogen 
Nitrogen iv ihcn pumped out of the bulb. On heitis g the bulb to 
dull! ednevs pure hydrogen comfes out Hyoiogf'n purified i> 

coHcv^ed by the downsvarJ displacement of n.-rcur 

Preparation of very pure hydrogen On electroh sing a dilute, 
warm sv> lution of barium hydroxide in a X.i*tube made of glass fitted 
wall (jKkcl electrodes, hydrogen is libera led at the cat lode Actually, 
water undergoes electrolysis producing hydrogen and oxygen. 

()->-2Ho+0 . The function of Ba(OH;a is lo increase the con- 
duc In ity ^ t the solniion. Hydrogen thus liberated is liable to 
i ontdin a tiace of oxygen as impurity In order to make hydrogen 
Uee from this impurity, the gas is pa‘scQ through \ bu^^ containing 
heated platinised asbcslo*^. Here, oxygen is consorted into water. 
To reiijosa iiiuisturc, the gas IS succc^^ivch pis:seil ti ’’o^jgh tubs 
ortainhtg pieces ot c .us<^!c potash 'nd pho p »ri*. pentoxide. 
Puu h/diogei IS then collected by Uw cov\i v t ^ d acemei . of 
mercury 



LAIIM I D Sf » 







Fig 2(9) K Operation ul ^ci\ ». \ 4 

Preparation of hydrogen iu the Kipp s appar^da** . 

a stc'idv upply of hyJroceu is js.. cued i jf occasional 
use It IS couvenicntJy prep3red in a kinpS a'*paratus The 
advantjge of using the apparatus is that tifC cm lution of hydrogen 
can be regulated according to the necessity 

11—2 
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The Kipp’s apparatus consists of two parts which are easily 
detachable. 

The upper part is a glass globe provided with a long conical 
stem (A) The lower part (B) consists of two globes connected 
togethei by a narro\\ neck The lowest one appear > *o be i half 
globe and is fljttened at the bolt >m so that it may rest on a plane 
surface It b s an outlet closed by a stopper to dram off ihv. waste- 
liquid from time to time The upper glol^ ht> air-tis'ht by me ms of 
ground glass joint into t^ie neck of the >ccond or ten r t globe 
while Its stem teaches rearlv the bottom of the I ^wist <^lobe An 
exit tube uith \ >i:>p cock i\ int oduced int ) the ceiittal >i>e by 
means of ruhner stopp r Hvdr n generated in tin ce » * alobe 
and IS allowed to e^scipe chrOi»gh the e\ t tube when qi irecl 

r 1 
) 





For the prepai«tion ol nydrogen, pieces ot g*-nniildted / nc are 
taken in the centred glob The slop cock is kept open and sumcicnt 
quantity of cold> dilute sulphuric acid is poured in thiourh a sa ety 

thistle funnel down the upper globe until the acid fills the nwer- 

mosc globe and comes in contact with zinc in the central globe 
The reaction between zinc and dil acid start:* immediately 
Hydrogen evolved passes out through the exit tube 

When the stop-cock is closed, the evolved hydrogen cannot j^a 
out and collects in the central globe. The accumulated gas then 
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exerts a pressure on the acid and pushes it down into the lowermost 
globe. Then the acid rises up the stem and goes into the uppermost 
globe and loses its contact with the zinc. The reaction ceases and 
the evolution of hydrogen stops. 

On opening the stop cock again, the gas collected in the central 
globe escapes through the exit tube and the pressure on the acid is 
released. A.s :i result, the acid from the uppermost globe flows 
down through the stem, enters the central globe and reacts with 
zinc again, yielding *t fr-c-sh supply of hydrogen. 

Thus, when the g'ls is required, the stop-cock attached to the 
central globe is kept open. The same is kepi closed when the gav? is 
not nec'’:ed. 


N.B "l-pr’' upppratus is ^ device used a gas at thj ordinary 

t hv t ,c acMO" ot a liquid upon a solio. 

Ouriii'i' trie b' linden i » t ie Woulf^’s hottlic tbf* p.n4p!rla*eirt zinc 

siJv.ay'* rernai'^s m t ‘-vuU the t1»j. acid and unlc.“:s one ot the reac'tus 

^ ‘bsu rjc *s c\ I'i'rcd lc rea.'Mon. hydrogen coi-urues be evoeved. 

ev o‘ “be C'^unor bs confroded «s and w/cn required. 


IB) Ta addition to zinc, other metals like 
iron etc. react with dil. hydro- 

chloric liCid 0 djl. 'ulphiiric acid to liberate 
n. In fact, a«l t -c metals i'with the e’o. ipti '>!i 
OK le i;) ab:-vs hydro-.*cn in the electrochemical 
vcrk » jilg /IJ : '] can hberc/e hydrogen from acids. 
The errent ts^ which a tiivcn metal will react wht' a 
dll. actJ Vf produce hydrogen depends, 

onw, f, other t'\C{or^, .-.i fhe pos*<ion of th-.* mcia! 
in thu series. The higher the position of the metal, 
the mo'-r^ vi •or-'us is the liberation of hydrogen. 

Fc4-H,SO, F S0*+H3 
]V1s:-f2HCI-Mga,.4-H„ 



(with cone, and h B'. HCl) 2(11) 


Soiiutn 'i id jtf otver used to prepare hydrogen from a mn*TS! and 

a‘< rhe 'eiir:t£0^-'; are e^ueme'y v-gor.‘us. 

(JF) Hydrogen from water : 

''^A) Vcrlon of steam on coke: W vn ‘ icam i«: passed over a 
bed of '.vhJtc h.-t c ikc heated to lOOO C, a mixture contai’ ing nearly 
equal vopjmes cf hydrr?en and carbon monoxide obtaitjed. 
This gas-niixture is known as waU^r ^i?as. 

C-bH,0=C0-i H. 


By reraovir/:, carbon monoxide from the mixture, hydrogen can be 
obtained. Water gas is now mixed with e :cess of steam and ;s 
passed at 400''C over the hearted catalyst, ferric oxide mixed with 
chromium oxide (promoter). Carbon monoxide is oxidised into 
carbon dioxide and more hydrogen is set free from steam. 

(C0-hH,)+H,0 = C0s+2H3 
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The mixture of carbon dioxide, hydrogen and a little unreacted 
carbon monoxide is next passed under high pressure successively 
through water, caustic potash aud ammoniacal cuprous formate 
solution. 

Carbon dioxide is removed by water and caustic potash and 
carbon monoxide is absorbed oy ammoniacal cuprous formate 
solution. This process of preparing Hydrogen from the water gas 
is called Bosch process. This is a method used in commercial 
preparation of hydrogen. 

(B) Action of metals on water : Very active metah like sodium, 
potassium, calcium etc. decompose water i/iving hydrogen and the 
hydroxide of the metals. The reaction ot water with sodium or 
potassium is very violent and often takes place with explosion. 
Metallic calcium reacts with water compaiatively slowly, sodium 
amalgam also decomposes water but with les*- vigour The metah 
which occupy the higher positions in tlic electrochemical s^i ie& 
decompose cold water liberating hydrogen. 

2Na+2H,0=2Na0H-rH3 ; Ca+?H,0=Cj(0H),-J-H9 




SODIUM 

I\ VV I Li^ 


Fig. 2(12) 


Powdered aluminium and magnesium as well as their amalgams, 
zinc copper couple (zinc covered with a layer of copper) decom- 
pose boiling water yielding Hydrogen and the coiresponding hydro- 
sides of the metals. 

2A14-6H.O-2AKOH),-f 3Ha , Mg i 2H.O “Mg(OH)>H 
Zn-^2H,0=ZnfOH)^ \-U 

Strongly heated magnesium or zinc decomposes steam with 
the evolution of hydrogen At the elevated temperature, the oxide 
of the metal (not the hydroxide) is formed. 

Mg+HaO«=MgO+H, ; Zn4-H.O=-‘ZnO+H*. 

When super-heated steam is passed over red hot iron (600 — 
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800‘C), steam is decomposed to liberate hydrogen. The other 
product is ferroso ferric oxide or tri iron tetroxide. 

3Fe+4H,0=Fe,0,4-4H, 

This reaction is applied in industrial preparation of hydrogen 
and the process is known as Lane process. 

The iron oxide obtained in the industrial method is reduced by 
water gas into metallic iron which can decompose further quantity 
of steam. 

Fe 304 + 2 (C 0 +H,) = 3Fe+2H20+2C0, 



Fig. 2(13) Steam-iron process 

This method is rarely used nowadays. 

(c) By electrolysis of water : An aqueous solution of sodium 
hydroxide (207o) on electrolysis (using iron sheet as cathode and 
nickel plated iron sheet as anode), liberates hydrogen at the cathode. 
A large quantity of h3'drogen is obtained as a bye- product when 
dilute solution of common salt is electrolysed. 

(3) Hydrogen from alkalis : Hydrogen may be obtained by 
heating the powdered metals like zinc, aluminium and non-metal 
like silicon with concentrated caustic soda or caustic potash 
solution. 

Zn -f 2NaOH =Na,ZnO, + 

SodiuJTj zincate 

2Al 4- 2Na0H+2H30 -2NaA102 4- 3H, 

Sodium aluminate 

Si + 2NaOH4-H30 =Na,Si03 -f 2H^ 

Sodium silicate 

PreparafeioQ cf hydrogen by reaction between silicon and caosttc alkalis is 
known the si/icol process. 

Properties— Physical : (i) Hydrogen is a colourless, odourless, 
tasteless, neutral gas. (ii) It is the lightest gas known, (iit) It is 
almost insoluble in water, (iv) The gaseous hydrogen can be 
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condensed to a liquid with much difticultv under very hi«»h pressure 
and at a low tempe aturr (v) It is leadil} abso l>wii b\ metdlhc 
palladium 

Chemical: Hydrogen « 2 gas hut is 1 noft- 

sunporter oj combu&tion of oi^LT » suulce^ Itbirns it oi 

air with I pa^e blue n )n-jijm oiis f 1 f* o J w»ng wMti 
2H, » O =*2H O 

For this reacMon, It IS rai ' ^roge o- > ^tr-piu i cc'- 

(2) Under suitable condifioi s, n>flro^?eu 1 unbinds jth minv 

non-metals terming gaseou*' <» ^ola ile h] i»i(k\ 

Hydrogen does not ^eact \ i^h c dorme n the dark Bui 
when a mixture of hYdroje^-i ai J chK nne 1 kept m j li^^bt or 
heated^ a violent leiction tikes pi vuh the imation t f h^dio- 
gen chloride hCI, 2HC1 

Hydrogen on being heated will bromine \iclds hsdrogen bso 
mide Hydrogen and lodme unite together i n presence ^ t a uatah t 
producing hydrogen iodide H -Br^-=2HBr, H +l^=»rHl 

When hydrogen is passed through molten sulphir gase us 
hydrogen sulphide is given oft H +S=H S 

Under high pressure (2''0itml and temperat irv. ('50 v.) 1*> 
drogen combines with nitrogen in prcsePuC of iror ^ ^ ic'^ulvsi 

to produce ammonia N -t-3H =2NHj 

When subjected to electric pi^l hvdioscu ind cviT n combine 
to give a hydrocarbon named acctslenc 2C-^ H - C H 

(3) Hvdrogen combines with some trongK e c^tioposi* ♦e 
metals forming salt-like hvdndL > 

On passinr» hvdrogen over met 11k sodium pitassium 

and calcium sodium hydride, p<ns>)jm hvdnue calcium 

hydride nr** respcctivelv obtained C ^Jc urn hv Vice is called 
hxdrohth These metallic hy dndes nndpr^ h\di ^ ^ bv ^alf» t 
yield hvdrogen and the rorresn^ndinff ne^ llic h^d v xldc^ 

(y 2Na-fH=2NaH, NaH^ H O N )OH IT 
21^ I H 2KH , K.H-1-n O KOH ^ H 

Ca-H^-CaH^ CaH C i^Oll r- 'H 

In t be above metallic fsftU *ikej hvdnaes lodroe-^^n na •^ainst' t cr from 
the more electropositive metals In NaH (Ni+T i b ogen tates up one 
electron from sodium whereby sodium 1 oxidised 10 N •- i d 1 \dropea is ret' need 
to H- This IS a reaction in which hydro-’en cause ox'daliop 

It may be pointed out here that the > ydndes of the no"- ( m»s mentioned above 
are all volatile, covalent compounds Ammonia readily dis^ ives in water forming 
an alkaline solution while the aqueois solutions of tht hydrides oi sulphur* 
chlorine bromine and lodmc are acidic m character It will be seen in part 11 of 
this book that the element carbon forms innumerable number of hydrides 

(4) Due to Its affinity for oxygen, hydrogen can act as a reducing 
agent By withdrawing oxygen, hvdrogen reduces some metallic 
oxides to the corresponding metals and it itself is oxidised to water. 
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When hydrogen is passed over heated black cupric oside, the 
oxide is converted into dull-red coloured metallic copper, water is 
also formed as one of the products. Here, cupric oxide is reduced 
tf» the met J and hydrogen is oxidised to water. 
CuO^H^-Cu+HgO 

Siniisarly, lead oxide is reduced lo metallic lead by hydrogen, 
PbO+Ho^Pb+H^O. 

Occluhion of hydrogen : Certain metals such as palladium, pla- 
tinum cohalt, nickel etc possess the property of absorbing a largo 
volume of hydrogen gas at the high or even at the ordinary 
tcmperatui Of all the metals, palladium aosorbs ab.^ut 9» 0 times its 
own vouirne of hydrogen at the ordinary pressure and temperature. 

The phenomenon of absorption of hydrogen by a metal is known 
as occlusion and the absorbed hydrogen as occluded hydrogen Finely 
powdered metils can absorb larger volumes of hydrogen. In fact, 
the occlusion is due to the formation of a solution of gaseous 
hydrogen in a solid metal. When the metal containing occluded 
hydroge«5 is healed, pure hydrogen is given off This fact is utilised 
in the punficatinn of hydrogen. Occluded hydrogen is very reactive 
and i> ,1 more powerful reducing agent than ordinary hjdrogen. It 
combines with chionne or iodine even in the daik while ordinary 
hydrogen car. not do so. When hy ^rogcuised palladium *s immersed 
in a yellow solution of ferric chloride, the latter is readily reduced 
to a coiouiless solution of ferrous chloride. But reaction takes 
place a stream of ordinary hyorogen is bubbled thr>ugh the 
soluti 'n of fe^MC chloride. 

Experiments to prove the importaoi properties of hydrogen : 

(1) Hydrogen combustible but not a mpporter of combustion. 
When a lightea tap'‘T is intioduced into an nvcited 
gas lar o| hydrogeir. the taper js extir uished but 
the h>d* »gen gas barns steadily at the moatb ci 
Ihc lar vviih a pale blue flame. 

{2» Ilifirogcn combines witn oxygen MoUntlv 
with t rpl )von : A bard glass bottle is filled iw '* 
third % wo nydr'igen and o,»c thud wi’h o ny 
displace iicnt os vaUi. Now% the botlK* c ir.t* r. » a 
mi\tu c ofhsd^o^^un and o\y«en in the 'ati(> 2 * 1 
by v 1 ^ - r t n 'u*h of the > dtL carefaHv 
clos< ’’v .5 co»]s IJTie bottle is tnen ,»i »*i* with 

atv'v\« '.h.ike’J well. After rem /‘g fhv rJ. 
the nn'iure is cdutiousK held befou i Bun'^en 
flame :n th.. sa'-es combine in'tantancously nh 
a vinie^'t expl kjii ai.d a teiriDc sound 

(S’i Hydrogen is lighter than air : (a; A rubber o* 
plasTr* s i| In after filling with hydrogen is tied 
with a loop of thread and is released in the air. The 
ballo m u found to rise up in the air giadually 
indicating that hydrogen is lighter than air. 



M*. 2(14) 
B(irnin»i of 
hydrogen 
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(b) A gas-jar full of hydrogen is held under an ‘empty’ gas 



Fig, 2(15) Hydrogen is 
lighter than air. 


jar ( i. e. full of air ) and the co^er 
from the mouth of the jar containing 
h>drogen is removed. After a short while, 
a lighted tapper is inserted into the upper 
jar when the tapper is extinguished but 
the gas burns at the moui> of the jar 
witn a slight explosion producing a bluish 
fi ime. This indicates that hydrogen being 
lighter than air has left the lower jar and 
passed upwards displacing the air in the 
upper ]ar. A similar test applied to the 
lower jar will produce no explosion or 
burning showing that the hydrogen pre- 
viously in the )dr has all been displaced 
by the air from the upper jar. 


(4) Hydrogtm burns in air or o ^.ygen to produce Heater, Hydrogen 
generated iii a Kipp’s 
apparatus is passed 

through one limb of a 

U-tube containing ar.hy- ^ 

drous calcium chL‘iide 

and the moisture-tree gas b 

is burnt at the end of a mm klj ^ 

jet attached to the other h, J | 

limb of the U-tube. The 

blue flame thus produced ! ^ 

is allowed to impinge rv^/3 

upon the outer surface rmmm ^=-ziFn m Tmmvnmmn 

of a retort kept cooled 

by circulating cold water Formation of wa.«^r bv bur- ng hy- 

through It. It IS found drogenmau 

that drops of colourless liquid form on the cooled surface of 
the retort and collect inside a beaker kept below it. Tne liquid 
turns anhydrous, colourless copper sulphate blue, indicating that 
the liquid is water. Here, hydrogen burns in oxygen of the air 
producing steam which condenses to liquid water at the cold 
surface of the retort. 2 H 2 +Og= 2 H 2 O. 

It is to be noted that perfectly dry hvdrogen and oxygen do not combine. So 
this experiment is to be performed with gaees containing traces ot moi^tuie. 




Fip. 2(16) Formation of watt-r bv bur- ng hy- 
drogen m au 


(5) As a result of reaction between hydrogen and chlorine^ hydro- 
gen chloride is poduced. When a burning jet of hydrogen is intro- 
duced into a gas-jar of chlorine, hydrogen continues to burn giving 
off white fumes of hydrogen chloride. A little water is then poured 
into the jar and shaken well To a portion of the solution, silver 
nitrate solution is added when a curdy white precipitate is obtained. 
The percipitate is insoluble in cone, nitric acid but readily soluble 
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in ammonium hydroxide. This test indicates the presence of HCI in 
lihe solution obtained by dissolving the white fumes in water. 

(6) Hydrogen possesses reducing properties. 

A small quantity of pure, black cupric oxide is taken in a hard 
glass combustion tube clamped in a horizontal position. An inlet 
tube IS connected to one end of the tube. A small bulb tube 


attached to the other end 
serves as the outlet tube. 
A slow stream of dry and 
pure hydrogen is passed 
through the inlet tube 
while the combustion 
tube containing cupric 
oxide is strongly heated. 
After some time, U is 
found that a dull red- 
coloured solid is left in 
the tube instead of the 



Fk. 2(17) Reduction i)i tupric O’^sde by hydrogen 


black oxide and drops of a colourless liquid appear in the outlet 
tube on cooling The red solid dissolve*- in cone, nitric acid giving 
a blue solution, A dark brown gas is evolved at the same time. 
Tne Kolid is thus proved to be the metallic copper. The liquid in 
the outlet tube is v. >ter as it turns i.nhydr» 2 us, colourless copper 
sulphate blue Cii0 + H 2 ‘--^Cu+Hs ,0 

The above experiment illustrates that hydrogen at a high 
temperature reduces cupric oxide to metallic copper and is itself 
oxidised to water. 


V Uses of hydrogen : (1) Hydrogen being the lightest gas known is 
used tor filling balloon.^ and airships But due to Us t'ifiammability, 
the use in this respect is extremely limited. (2) It is used in the 
production of oxy-hydrogen flame (tempr. 2000 C) required in cutt- 
ing and welding purposes and m lime light. ^3) Large quantities of 
hydrogen are used in the manufacture of ammonia, hydrochloric 
acid and methyl alcohol (4) Nowadnys^ hydrogen finds its 
application in the conversion of coal to synthetic petrol. (5) 
The gas in huge quantities is used for hardening of vegetable 
and animal oils. (6) It is sometimes used in ihe laboratory as a 
reducing agent. 

Tests : (a) The gas is identified by ieniting it in air or oxygen 
when it burns wuh a pale blue flame. The product of combustion 
of the gas in oxygen is water which turns white, anhydrous copper 
sulphate blue, (b) the gas is absorbed (occluded) by spongy 
palladium metal and is set free again when the hydrogenised metal 
is heated. 


Nascent hydrogen : An element is said to be in the nascent state 
(mediiing new-born condition) when it is just liberated in a chemical 
reaction Thus hydrogen at the moment of its generation or birth 
from a compound is called nascent hydrogen. 
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It is chemically more reactive and more powerful reducing agent 
than tlie ordinary molecular hydrogen. This can be illustrated by 
the following experiments. 

(i) When ordinary hydrogen gas from a Kipp’s apparatus or a 
Wouif’s boJtle is buboied through a pink solution of potassium pe? - 
manganate acidified with dilute sulphuric acid even for a long time, 
no reaction takes place. The colour of the solution remains un- 
changed. But if pieces of zinc are dropped into another portion of 
the same acidified permanganate solution, the pink colour of the 
solution gradually disappears. This visible change of colour is due 
to the reduction of permanganate to manganous salt by the hydrogen 
generated in situ, 

<ii) To an orange solution of potassium dichroraatc acidified 
with dilute sulphuric acid, zince granules are added. The colour of 
the solution changes to green and potassium dichromate is reduced 
to chromic salt. 

(iii, Similarly, if zinc is added to an acidified yellow solntion 
of ferric chloride, the latter is reduced to a colourless or slightly 
greenish solution of ferrous chloride. 

In each of the above cases, reduction associated with the ccdoiir 
change has been brought about by the nascent hydrogen produced 
within the solution of potassium dichromate or ferric cbl'r'de. 
(from Zn and H2SO4). The molecular hydrogen is unable to reduce 
acidified dichromate or ferric chloride solution. • 

2KMnO4+3H,SO4 + 10H-K2SO4-|-2MnSO4+8H2O 

Pink Colourless 

K.Cr.O, +4H2SO4+6 H = K2SO4 -f Cl «( SO4) 3 +7H2O 

Orange Green 

FeCl^+H^FeCIa +HC 1 

Yello.v Colouiless 

(Nascent hydrogen has been shown in the atomic state ) 

Reason for enhanced activity of nascent hydrogen : As to the cause of 
enhanced cheniical activity, it is generally s4ono:.ed that nascent or newly bf^rn 
hydrogen is in ths atomic and ih^ free stom*'’ 3 .^ such take part in the rc-ucfjon 
before they unite to form molecules The hydrogen gis geacratfd elsewhere in 
the molecular condition. Atoms are more powerful than molecules and hence 
exhibit extraordiiid’^y activity. But this atomic hynorhesjs falls to account for tne 
unequal ceaciivity of the niiceut hydrogen obtained fiom difrerenr a^jurces. 

It IS al*o suggcisted thin a part of energy liberated in the reaciioo incrca^vs ihe 
chemical energy of hydrinj-n at the mo ncut of itj biith. So, t^iw nasoeat hydrogen 
becomes more energised and aciive. 

Reason for not using nitric acid in the preparation of hydrogen : 
Nitric acid, in ir;. action on metals (above hydrogen in the elecfro-cheroK-al jer ts) 
plays a double role It acts as an acid and an oxtdisiof? agent. Therefore, ihe 
nascent nydrogen first formed hy the action of nitric acid on a suitable metal is 
immediately oxidised to water by the excess of nitric acid present. As a re^tulr. 
hydrogen cannot evolve in the form of a gas. 

Magnesium is the onlv metal which produces hydrogen gas from cold and very^ 
dilute nitric acid. Mg+ 2HN03-Mg(N08)a+H* 
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^ A&lotropy of hydrogen— Ortho aod Para hydrogen : A hydrogen 

molecule is diatomic Each of the two hydrogen atoms constituting 
a molecule has a single eliUioii which rotates about a pioioii in the 
nucleus. In other words u miy be said that a hydrogen molecule 
cons* ts t^o piotons a’ d twv> ejections 

fn Heisenberg pi'^hcted the po»si *»f existeitce of two 
kinds ot liydiogen molc^ > V ‘■hn^* to him, the proton in the 

nuL cus ot a hydr om ij spin, mg hke > top and the two 

prrtonsip the hyJr 'gen n oLcuie m o spm cither m the same 
(pa’-iUel; or opp 'aite sense V/he^ ihe ^pn oi the two p» t us is in 
the »arne direction, tLi> toim of liydr g«.n is known as ortho 
hvduf^rn and the other form with sp n of the two protons in 




( © : o o i G ) 


Ortho hydrogen Para hydrogen 

fig 2(18 

opposite directum IS called /I -ru h\dto^en These form^ are con' 
sidered as two allotropu Jorni^ of hydrog'=*n In 1920, Bonhoetfer 
and Harteck succes^^ull^ prepared d tKr».ni varuHies ot hydi >gen by 
absoil mg ordinary hydrogen ou vvooo chircoal at the icmperatuie 
ofliqiid air or Kquid hydroge Thus th* view of Hci'^eiibnig was 
confirmed. 

Ordinary hydr gen is n eq iilibm'in mixliiro o* oitho and para 
hydr qen in the ratio .1 ^ to i a* th ord‘mr%^ temper opre 

O’"!]." by ’logjn^par* o 

O h)wcrrnr tlu U mpci itu e, V e pr iporrao. ot th oftho form 
decie iscs and that or the / fit im)icTCu''fs 

7 ese Twe ^lloiropjc lonns uFc sou i ''cer ical properties but 
difiei '.h >htly in tfi ir spcuihc n a’ , ^'enuu c i Juv,uV‘ ic'- etc 

Uotopcs cif hydrogen H>^‘ ' cri na tnree !•> r oc -oiJinary 
hydr n?en urp^ ^ti 'ni H, he ivv u o- o^ o *n ui D, rui tntium 

T All these havv. int exna n civo flc^tr^ i pt-i u ic Inorjmary 
liyd« aen, me niAcl*-a c< f djo . m i* owti m, ibe 

nude s contains one proto ' nd '’ut ji in trim m u o >ni’ains 
one o'-oton and tw ) Ovi * leretort. the lomic ma arc — 

H-l, D 2.oidT 3 

Position of bydrogea in the periodic table has been g'vc n pai-t IL 
of this book. 

A- - Atomic hydrogen It Ins been shown tint at a very high tempera- 
ture, ordinary hydrogen molecule gets dissociated into atoms. 
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In the splitting of the hydrogen molecule, a large amount of 
energy (about 104*2 K cals/gram-roolecule) is absorbed. Atomic 
hydrogen is formed when an electric arc is struck between two 
tungsten electrodes (1000 — 2000 O and a jet of hydrogen is passed 
through the arc By applying this method, Langmuir in 1915 pre- 
pared it. Atomic hydrogen is chemically very active and possesses 
strong reducing properties. It is capable of forming hydrides with 
certain metals and nonmetals at the ordinary temperature. It reacts 
with chlorine even in the dark and with molecular oxygen to 
produce hydrogen peroxide. 02 + 2 H->H ^03 

It reduces solutions of silver nitrate, copper nitrate and mercuric 
chloride to the corresponding metals end carbon monoxide to 
formaldehyde. AgNO.,->Ag ; CutNO^)p-vCu 
HgCl.-^Hg : CO+2I[-»HCHO. 

It can easily reduce the acalified solutions of potassium dichro- 
raate to chromic salt and potassium permanganate to manganous 
salt. These types of reduction cannot be brought about by ordinary 
hydrogen. Since the conversion of the h>drogen molecule into 
atoms is a highly endothermic reaction, a large amount of energy 
will be released during the recombination of hydrogen atom^ into 
molecule. When the atonis prad iced by the thermal disso(»auon 
of the hydrogen molecule come in contact with a metallic surface, 
they combine immediatelv producing a temperature between 4000 C 
and 5000^C. 

It must be remembered that in spile of suniJanties in reactions, atomic 
hydrogen in the true sense is not the same as nascent hvdrogtn. 

WATER 

Formula HgO Mol. wt. 18 Yap. density 9 Sp. gr. J 

Water is of fundamental importance to all plants and animals in mainia: iing 
the vital processes necessary to life and growth. 

Water for a long time was considered to be an element It was only in i 781 , 
water was show<i to be a compound bv Cavendish who obtained it by exploding 
a mixture of two volumes of inflammable air (hydrogen) and one volume of 
oxygen. On the basis of the lesuJts of several experiments, Lavoisier proved 
conclusively that wa^er is a compound of hydrogen and oxygen. Watei is widely 
distributed in nature and occupies about three-fourths of the surface of the earth. 

According to the source, natural water is mainly divided into 
four classes. 

(1) Rain water : Water from the seas, rivers, lakes etc escapes in 
the air as vapours under the influence of sunrays. The vapours thus 
produced cool down at the high altitude of the atmosphere and 
condense to liquid water which returns to the surface of the eirth 
in the form of rains. Thus, rain water may be regarded as naturally 
distilled water and is taken as the purest form of natural water. Still 
it is contaminated with many impurities while passing through the 
atmosphere. For instance, it contains dissolved gases like oxygeQ» 
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carbon dioxide, traces of ammonia, nitrons and nitric acids together 
with suspended dust particles. Rain water in the vicinity of indus- 
trial towns also contains traces of sulphurous and sulphuric acids 
formed as a lesiilt of burning of coal containing iron pyrites (FeSa). 
The first shower contains the greater pc'rtion of the dissolved 
impuntie*!. Con'^equently, rain water collected after a few showers 
is more pure. 

• 2^ River water : Rain water and water from the melting of 
ice on mountains lead to the formation of livers. Obviously, river 
water contains all impurities generally present m the rdia water. 
Moreover, it is liable to contain many other impurities both soluble 
and suspended, organic and inorganic, which a nvei derives during 
Its passage over the soil and rocks. The amount and kind of 
impj'ity Will depend, therefore, on the type of soil over which the 
water runs. Impuiities commonly found in river water are the 
chlortde^, sulphates, carbonates, hicarbonates of sodium, calcium, 
magnesium, iron etc Besides these, it often carries impii tines from 
the e'vages and sludges of th? places through which the river 
pa oe^. River water is sometimes contaminated with various types 
of bacteria and is generally turbid due to the presence of large 
amcM'Tit of suspended clay particles. 

Spring and well water : Ruin water falling on the ground makes 
it:> way downwards through the porus strata of the soil into the 
intertor of the earth. When the fl >w of such water is stopped by 
som-^ impermeable striatum such as granite, hard clay etc., it collects 
thee in the form of well-water which in course of time may rush up 
to the surface as sorin.; water. This w<^tei undergoes natural 
liltrai on while passing through various layers of sand, gravels etc. 
ind i , free from suspended impurities. It js clear and transparent but 
coTiw ns larger amounts of soluble chlorides, sulphates blca^b^nate^ 
of cilcium, magnesium, sodium, potassium and s )metimes iron. 
Spring water and well waterraav contain dissolved gases like carbon 
dioxvle. sulphur dioxide, h>drogen sulphide etc Some of the 
springs are found to contain water having a temperature much 
higher than the ordinary temperature. This happens as the hot gases 
accumulated inside the earth escape through the watei of such 
Nprings. The hot spring at Sitakiinda in India may be mentioned 
here. 

Spiing water c mtaining an excessive quantuie^ of soluble 
mineral and gaseous substances is often refeired to as mineral 
water Due to the presence of various types of salts in solution, 
thi^ water has a characteristic taste and possesses curative property. 
Such water contains excess of dissolved carbon dioxide gas, 
chlorides, sulphates and bicarbonates of metals like sodium, calcium 
magnesium Sometimes iron salts, iodides, sulphidCwS etc. are also 
found present in it. Mineral water is occasionally used for 
medicinal purposes. 
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Sea water ; Sea water is the reservoir into which al) the 
irapunncs earned bv natural waters eventually go. Hence, the 
total solid content of sea wateris usually high (about 3 6%of i>hich 
2 6 IS sodium chloride) It contains maxium amount of dissolved 
salt^ like chlorides, sulphate^, carbonates, bromides, i -idtdes of 
sodium, potas mm ralcuim, majfinesmra Sea water is unsuitable 
for drinking purnose due to the presence of large amount of 
comm >n s »lt in solution 

Soft water and Hard water Dependmg upon the beha’ lour »>f 
water low<u is ordn ary so in ni an’ is divided into *wo 

classes: Soft w im "’im (o 1a ter 

Soft watei Wciu* »vmch * jdiiv »rns Lilher with s j^n is 
called solt waler 

Hard water W.itor uhioh < ^ r i^‘idi!» fonn a lalv» v*th 

soap and o^odiiccs sam- wit ‘uln^ub dtei cjn u ii t>’ a 
su .ici^'U ouinf ty >f in s ku 1 x^d watn 

Cause o* hardness Ml n t ii il v t ? l iin sslubb I'lc 

salts as I oii-\ol itile 1 upui*tH> ami tPw di ^ K ti 'P bwiAv p i i d 

and s van n la bas d o 1 (he niti le ol i w di^^sfdve uo 

prestntnneri Wtt ^ o v» n) » ^ n i »d '* f m 

salts IS lound to o hard f i etpf rt hhin < ih . 

the presence oj so^u^ik ^aictwn anu f /^/» * 

bicarbonates, ^ an I ihhniJes of in s » net il u • 

Soraetime-v > in >!w of w tt i >ni a m ‘■luituu ^ *n 

soluble sail of non • 

' Ordinarily, io*ps cous'st < 'o a i ird p t m ’s t 

highci fatt) icids Ido suara oahupu I i t tr Tup ^ tli 

metal «alis ar^ solu de in w r,.r an 1 ♦ t t ^ »u * d'ct d ^ p 

is obseivcd when thes j dts pa^^s v >1 ii n on aung I or 
foam Onineoii-t^h .d Hue ‘ ^ e,Mi7i r t yn it of 

these! tty acids nvoli b’t. wn v \vhc t i pi’i i th 

hard Wdicr the s lap themual m i the >* ibie < auit n, 

magnesium and it ) i wlr*' piesent i i riu ir i w. to pi > liut he 
Ciirresp >ndi i *• lt>oi ngiun vid-^ wbuh ap^e i i'- ins>^ inJe 

while picMpuaU C t leu lentlv a >t ivc r^c t> nv 

lather 5» ) Ion ^ a^ tins prccipb ition sroe m it. dl tliw wji t n, 
magnesium or im ion'* tciemovel from He »diil walp^ 
causes a coO' d>'rdb]e wast lo * of soap 

2Na -stc'irjtci L %( \ ->2NiCi t’-oate.J, 

2N.. -oleate -r M Ni SO^ bM’ 

(P esc tab lub a\ *. precipitate 

in ••oap) in hsfa wattr) 

On t) • ba-^ii of the anoi e discu jsion*?, the dt finuion'i of irv. rd soft we f * ire 
given below. 

Water thn* contuns dissolved bicarbon s. nlir ^ nd su'pba<«'» ol 
calcium, magocsium or iron and is incapable ot awing anv lather wrh soap 
unless all the Uiree metallic lonc piesent m it are r*n oved is regarded as hard^ater 
and water containing very little or no calcium, magDCMum or iron salts and so 
capable of producing lather easily with soap is known as soft y^ater. 
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Types of hardness : Hardness of water is of two types — (a) Tem- 
porary hardness and (b) permanent hardness. 

Hardness which is due to the presence of dissolved bicarbonates 
of calcium, magnesium (so.ifie times iron) in water is called temporary 
hardness and v^.atcr having this type of hardness is known as 
tempor irily hard water. This hardness is termed temporary because 
it can be removed by easy means like boiling and sedimentation. 

On th: other h^nd, hardness which is due to the prescnc*: cf 
chlorid-s and sulplsatcs v'f calcium, mi^nesium (or iron) 
i‘'i ‘ iU r s caU?«1 permanent hardness, '^his barduess i- characterived 
:is prrm’.nen^. f t ‘t cannot removed bN mere boilif^g or by any 
Tthfr e .y meaivi. Water pO'^sesslng lois type of h-^rdness is referred 

's permanently ir-jrd wrU'*. 

Removal of hardness — softening of bard water: If tne s duble 
bicarb jiiates, chlcndc''^ sulphates ot o iicium and magnesium 'or 
iron j pr ;enr jn water ar? C{M»vertca into sns'^lnhic substances by 
ci npJ ' h •;!! r bv using chemical rcaircnts cud removed as ?'nec'>- 
puau \ V vater rein j ns is R'd'i- Al nost all the methods .f 
! nd . . g a (lard waier sofft are primary based on ur-s principle. 

S^ofteaSiig of temporary hard water : Temporxi.ry fiardocss can be 
re.m vw by e-ihcr id) boilmg or (b) Clarke process using lime. 

By boiling : Oi» boiling, the s "‘’uble bic=>rb::mates v-f caJ- 
, cm, Tagaetji 'iri (and iion) present in temporarily hard water 
f‘C<, producing msoliible carbonates which are precipiuted. 
i ''‘C precipitate^ .'ire allowctl to settle do W't and the st/':' water is 
jolle :ced IV m above. 

Ca(HC 03 ),-CaC 0 .<,| 4CO., | H-H^O 

Mg HC03)^=MgC03 I +CO, t +H.,0 

As a result of bciling, ferrous bicarbonate if present decomposes 
irailarly, 

Fe(HC0,J,==FeC0,4-II,0-f CO,. 

^iince ferrous carbonate is readily oxidised by atmO'pheric 
■"^yger^, a precipitr-ie of ferric h -^droxide is obtained. 

4FeC03-i 6Hs04 02-4Fe{0H)3-^4C0„. 

It i. to be nnt.'d rhat laagnesiuni c irbonaie h soluMa ii' waf-r to an aorre :* >b!e 

So rne banJoosSS which n vine to ti'e f>;ese.» c i.a ir/a,:.jt..s/um b'cai>:^»yfeie 

::an?>ot he completrh’ removed by sample boib'ng. 

This iiethorl is not suitable for softening temporarily ba^rd wafer on a ,jTge 

sCiSf. 

^ (b) Claik’s process : By this process, temporary hardness is 
iv'tnoved by the addition 'f requisite quantity of sl.’ked lime which 
reacts with the soluble bicarbonates of calcium and magnenum. 
Calcium bicarbonate is thrown down as insoluble preespUatt of 
calcium carbonate and magnesium bicarbonate as very slightly 
soluble magnesium hydroxide. 
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The precipitates formed can be removed by filtration thr^^ugh. 
beds of coke or sand. 

Ca(HCOa) 2 Ca(OH) . =2CaCOa +2 H 3O 
Mg{HC03),>+2Ca(OH)«-2CaCOa-hMg(OH),+2HaO 

Only calculated amount of lime must be used. If more than the requisite quantity 
of lime is added, the excess goes into the solution. As a result, free Ca'^'*' ions enter 
Into water and the water becomes hard again. 

In the case of magnesium bicarbonate hardness, double the amount of lime is 
added in order to precipitate magnesium hydroxide. 

When the magnesium content is high, addition of milk of lime along with 
sodium carbonate is preferred in precipitating magnesium hydroxide. 

Sofieniog of permanently hard watec ; Permanently hard water is 
usually softened by treatment with washing soda or sodium carbo- 
nate (soda process). Simultaneous removal of both temporary and 
and permanent hardness of water is effected by addition of soda 
mixed with lime (lime soda process) or by the permutit process. 

^Soda process : Permanent hardness of water can easily be 
removed by adding washing soda or sodium carbonate to it when 
soluble chlorides and sulphates of calcium and magnesium are con- 
verted into the insoluble carbonates of the corresponding meials 
and are precipitated. On removing the insoluble carbonates by 
filtration through a filter-press, soft water is obtained. 

CaCl , + Na ,CO , - CaCO ^ + 2 NaC I 
CaSO^ Na ..CO3 == CaCO, +NaeSO , 
MgCl.,+Na^C0,=MgC03+2NaCl 
MgS04-|-Nav,C03=MgC0,+Na.,S0^ 

Sodium salts formed pass into the solution but these salts arc 
innocuous with regard to soap. 

^ Lime soda process : On a commercial scale, lime .>oda process is 
used to remove both types of hardness (temporary and permanent) 

water. In this process, hard water is treated with a mixture of 
calculated amount of slaked lime and sodium carbonate known 
as the lime soda mixture. The constituents of the mixture inter- 
act according to the following reversible reaction : 

Na oCO, +Ca COH)8^2NaOH + CaCOg 

So, NagCOs, Ca(OH)» and NaOH are available to precipitate 
Ca^^ and ions from the hard water. The dissolved calcium 
salts are precipitated as calcium carbonate and the magnesium 
salts as the hydroxide. In order to facilitate precipitation, 2 little 
sodium hydroxide is sometimes added. 

MgCl , +Ca(OH)B - Mg(OH), +CaCl« 

CaCl. +Na|C03 = CaCO„ +2NaCT 
MgSO^+Na^COs-MgCOft-fNas^SO* 

MgCO 3 -f Ca OH) , = Mg(OH) . -f CaCO* 
Ca(HC08)«-l-2Na0H=CaC0s+NaaC03+2Ha0 
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Soft water is obtained by filtering the precipitated carbonates 
and the hydroxides through a filter-bed. This process is a costly 
one. 

Permutit process. To soften a large quantity of hard water, this 
method is nowadavs widely used. By this process, both tcroporary 
and permanent hardness of water can be eliminated at the same 
time. . f. j . 

According to the name of its discoverer, this method is some- 
times referred to as Gan*s process. 

There are some naturally occuring minends called zeolites. 
The^e are complex substances consisting of mixtures of sodium 
and aluminium s‘licates. The zeolites are insoluble in water. 
The permutit is the commercial name for artificially prepared 
sodium aluminium silicate allied to the zeolites tound in nature. 
The lemarkable property by virtue of which the permutit is used 
as a water-softener is that it can exchange its sodium with other 
metals when brought in contact with the solt^tions containing 
chose metals. 

The permutit water- softening plant consists of a v<. rlical cyliodri-. 
cal vessel made of biicks or iron and contains a bed ot sodium per- 
rautit between layers of gravel and sand. The hard water is allowed 
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to pass through the bed when base exchange occurs. The sodium 
permutit reacts with the soluble calcium and magnesium salts 
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present in hard water producing insoluble calcium and magnesium 
pcrmutits which are precipitated and retained in the bed. The 
hltered water coming out through the outlet at the bottom is soft 
and perfectly free from any calcium and magnesium salts having 
soap-destroying propeity. 

2Nd-permutit-f CaC!« 2NaCI4-Ca-permutit (insoluble) 

2Na. permutiL Ca HC “2NaHCO.t i Ca-permutit 

2Na-permutit-r INA5JSO4 -hMg-pcirautit (insoluble) 

2N*i-permuUt4-Mg'HCO J2=2NaHCOs f Mg-permut.t 

This method js also c ll< 1 ha^e exchange or zcohte process. The 
permutit ci-soltcncr is also ♦o get soft water required for 
domestic puip^v^c 

Due to 1 a.g 11 e, tac pen lUiii lose-* its ability to Svdren wdier 
as all ine soUiiim p^esc ) m it is spent up to for 1 calcuim and 
magnesium compounds. 

This irieffectivc bed t f p-r.nutit can be rc-octivalc^^ hv n*** n g a 
strong solution . f soa urn cal^'nde (10 thr.»* 'ih it. T«nx lie itment 
causes replacemeut of c:Jc*iim and magnesium fiom tue e\b lusted 
perrau lit by sodium of the s idium chloride Thus, the ongmal 
sodium permul>t is regcr.eiotcd ii< the bed which can oe use i .»giin. 

Ca — perniutit-l-2NaCI- CaClj+2Na -perm'^Pt 
Mg— permutit ^2NaCl«MgCl8+2Nd- pernutit 

The chlorides of calcium and magnesium are ashed away. 

lon^exchange resins as water softeners : Some synthetic organic 
substances known as ion-exchange lesins are now increasingly used 
for water-softening. These are complex substances each of which 
contains a sulphonic acid (-SOgH) group. They are more active 
and efficient than permutit. The hydrogen atom of the— SOgH 
group can be replaced by metals to produce salts. 

The resin is first converted into its sodium compound by 
treatment with sodium chloride solution, when the hydrogen ion of 
the sulphonic acid group is exchanged for sodium ion. The resin 
in the form of Nd-compound is used as a water softener. When hard 
water is allowed to percolate through a layer of the sodium resin, 
all the calcium and magnesium ions present in water are replaced by 
Na^ ions of the resin. The issuing water is now free from Ca^^ or 
ions and is soft. 

RSOgH-i-NaCI->RS03Na+HCl (R stands for the resin an^on) 
Resin 

2RSOgNd t Ca+"-^(RSO,)?Ca f 2Nd+ 

2 RS 03 Na^ Mg^-»'->-(RSO,)8Mg-f2Na+ 

(Insoluble) 

The rcsia after being used for a long time loses its acli^ Ity like 
the permutit and is revived by treatment with a solution cf sodium 
chloride. 
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SMium hexametapho«pbate (NaPOi)* uidcr the trade name calgon fs em- 
ployed as a water softener which removes the calcium hardness by forming a 
soluble complex salt. 

Hard water may also be «offcned by rneans E. D. r. A, (Ethylene diamine 
tetra acerare) which reruoves Ca'*"*’ ard Mg+ ions present in watw’r by forming 
soluble completes. 

Estimation of hardness The hard 'css of water also called the 
soap destroying *>r s >do-precip*friOi»f pow< r of water depends on 
tlie amounts of th dissolved cal^ui nvjgiiesnim or iron salts in 
3 t and is expressed in dct'iee^ If a s im de of Water contains n parts 
0 IC 1 CO 3 or Its cquiv ilent per n lm*i p w fs '"ppm', it has degrees 
olhard\^>»s. S 1 , enich oepree represents the hardness 

product'! bv I p^rt n*' caljpim Cirb'f'are ^or its equivalent) in 
i >000, OdO y iris ('f <\»u< fh ‘ I ‘(V ''ha in.'s ol a - luiple uf 
Aater t «U uu. , *^'0 puts bv v\e • .t d \lv>S 04 per f 003,00') parts 

>r It lo l ) ue e ‘jCC * s f 'Hows * 

oO pait> ol MiiSO^ = ^^0 pirts of L 4 CO, 

, I3*yrccs ifbifi :=50ppri «r pails per nihcn 

T »T d Idlin'*, or -tc** t us . 'I itv 3 h 3 titrati yn of a 
'‘iris'Mf 1 \ dunie of vt le 'Mtb 1 ss n >('l oton vh'th i. previously 
>r*i’air' ' I V i-t n\ johm in-g i ki»'*\ri entrnOon of 
Jilcnj'Ti wJilonJe Fne erd psi • .» iP" n,.i •<. .rri' :d at when the 
't'lndard s • rp holdtioa < 2 i\es ii li^Her f u l--'2 minutes on 

shaking The perm 1 rent h.irdne^s is e‘‘ti mated by 'imilar titration 
r t Si re volume of *vauM ifrei ijinov>n'» ils temprrary hardness by 
boiling Tne diirereruc b*.’rween ti e two results denotts the tem- 
p-yrary hanlness 

dtt rRccUs hivc' now been in*iodace 1 to leidace mi >p in domestic and 
modi . srk A t> 'it U dc mat is r e icii I om s nmplex bvdrocarboi jf the 
typeC«t> *1 where r? ». vreii r «htn li Ti h/ ho aibon la first freaicd with 
woncv it d\ a sulphiri.; ivtd whertb*^ a r, t p is iniioJuued into the mole- 

rule i\ ihe hy Jr.i^aiD 'i ' ns 1^ toen » mv it dm f> its sodium salt by mejius of 
.odiu n ’ivdH»\tde .-orMUon t*)t sodium * i 1 1- tn'‘ determent. 

C*5lb„+H SO4-C. H,.SO II 

H+NjOI iSO^Ni MbO. 

A cf’ 3' Pt has (w,» a 'va t g'sov • oap ti more «oluule iii water. It is not 
c w bird waiei p the calcium or mague* u n salt of ih; deterjicat is soluble 
m wilier. 

Numerical problems on hardness of water ; 

(1) One lU*e (tf a stmple of luTdrt^^tcr rontiins Img of CaClj, 
and I nig of MgCl,. Find ti total ludueii in tei ms of parts 
of CiCt)', per 10® puts of walCi t>y weight. 

Mol. w;. ofCiCl, 40 12^3.5-111 
M >1 \vt. ofMgC!„ 24 1-2X ''5 — 9' 

M>1 wi olCCO, 40H?+-‘V 100 

i 1 1 fiHi i''l slOOg'n M F' ■'O, 

•. 1 fio of C iC ‘ fejijg'iiotra O.“ir0 90 p,m of CiCO, 

.. 1 mg )fr!<-'.-=''9pig.l C'CO, 
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Again, 95 gm of MgClj m 100 gm of CaCO* 

1 gm of MgCl, seVs® gms of MgClj, a 1 05 gms of MgCl^ 

/. 1 mg MgCigSl-OS mg CaCOg. 

i e. 1 litre of the hard water contains (0'9+l‘05)=r95 mg of 
CaCOg 

1 litre of water=1000 gms or 10® mg of water. 

The hard water contains r95 parts of CaCOg per 10® parts 
of water by weight. 

(2) 100 ml of tap water containing CaHCOg was titrated with 
N/50 HCl with methyl orange as indicator. If 30 ml of HCl were 
required, calculate the temporary hardness as parts of CaCOg per 
100,000 parts of water. 

The equation of the reaction between CaHCO., and HCl is 
CalHCOg)^ +2HC1 = CaCU +2H„0 ^ 2CO.,. 

Mol wt. of CaCOg --40+124-48= 100 

Again, CaCO, (ioO parts)+C0,. + H„0 = Ca'flC0,,, g 

.-. 2 equivalents of HClss 1 eq. Ca(HCOs)„ai I eq. CaCO:, 

1 eq. of the acid = 50 parts of CaCO,, 
i.e. 1000 ml of the (N) acidsSO gms of CaCO, 
or, 1 ml of (N) acids 0*05 gm of CcCO,, 

100 ml of tap waters 30 ml ^ HCl s 30, .^0 ml (N) HCt 

= or 0*03gmOC03 

100,000 ml ( or 100,000 gras ) of tap water contain 30 gms 
of CaCOa 

Tap water contain 30 part^ of CdC'O, per 100,000 parl^ of 

water. 

De-ionisation of water or de-minerslised Tister : 

Water softened bv the pcrrainjt or any fUei sirnikir proccs"-^ h 
never free from soluble raincra] matter s. Duilny leraova? of + 
and Mg’*"*" ions which arc responsible for t^e hardness, Na"* irms 
are introduced into the water in amoiinls equivalent to the ions 

removed. 

Nowadays, water is demijneralised or made free from all electro- 
lytes by passing it in succession through twr* different types of 
organic resins called ion-exchange resins, This process of removing 
all cations and anions of the dissolved electrolytic impurities 
In water is called de- ionisation or de-mineralisation of water . 

The resins which are employed to remove the cations or positive 
ions are known as the cation exchangers while the resins used to 
remove the anions or the negative ions are designated as the anion 
exchangers. These resins are complex, synthetic, insoluble organic 
substances. The cation exchange resins contain ions derived 
usually from — COOH or SOqH groups present in their molecules. 
For the sake of brevity, we represent these types as R“H+. The 
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anion exchange resins are also organic amino (-NHa) compounds 
of high molecular weight. These resins in contact with water yield 
substituted ammonium hydroxide compounds. 

R-NH,+HaO->RNH3^0H- 

The process of deionisation consists of two stages. In the first 
stage, the water containing soluble salts is passed through a bed of 
cation exchanger kept in a suitable tank. All cations like 

etc. present in water are exchanged for ions in the 
resins and are removed. The water becomes distinctly acidic as 
equivalent amounts of uns arc introduced into it. 

2R-H"^ 4- ^ R ..Ca4-2H+ 

2 R“H++CaCl 2 — >RoCa-f2H^+2Ci- 
2R‘H+ + Ca(HCO0.,-->R*Ca+4H*^f2COr’ 

2R-H+ 4- MgSO^-^ ->R ,Mg4'2H+ 4- SO, ““ 

(Insoiubiej 

R'H+4'Na+ — >RNa4-H' 

The water after this treatment *s free from all metallic ions but it 
contains H‘ ions as only cation and anions like Cl”, SO,"”, CO 3 
etc. 

In the second stage, the acidic water coming out of the cation 
exchanger is pished on r^her bed organic resins of oppo- 

site cnaiacter i.e. anion e>.cnangci\ Here, ali ihc a lions present in 
water arc excliangeJ r ;r “ OH i.' lS of the resins and are trapped 
on the resins. 

A typical nnion sxJidiigc reaction i> shown below. 

RNll:‘,OH“ l-Cr—^RNH^CHOH' 

tmso.u bid 


All other anio^is are lemoved similarly. 

The OH“ ions I neraiid iieulralise the ions set free in the 
first stage producing water IV f0H"=H„0. 


''^r* A^'l0^s 


V '-1 -ni , I • 

CC.OA ',r 

'‘'sr /,K''Op''iS 



<^ig. 2(20) Dtf->niiicrali3atian or softening of water by using cation and 
anion exebaogers in succession 



38 


INORGANIC CHEMISTRY 


The effluent from the anion exchanger is neutral water which 
does not contain any mineral matter or ions. This water is as pure 
as distilled water. So by percolating through ion exchange 

resins, we can obtain of the quality of uistilled Mat^r without 

distillation 

The cation e^rchangej w>ca e\hausted due to piolo^ged use 
can be regeneiated by treat ne it with dilute suln^uric acid and the 
used up anion exthanycr is snnihrly re-activc4ad by treat^v nt with 
a dilute solution ot sodium hydr )x\as The iC'iiu bwd> ire thus 
made ready for use again 

B(th thw pemulit nro^cs^ and th- i^r txc inre nr •■^Uep wat<i by 

excbang*nii of ions Th* pe rautii p > es •‘Xwh n ts tl» M c a*" md ions 

resp nsibte for the har ines w th Nd'*’ i ms w t t ic o -r c* i s oitsstx 
changes th ic ions li fj'*’ i U p" m i u > m rem in an ion. 
Besides if a1d-» m >re Ni"*" i m S> a c i i tmI < n ising 

WAUi coimt U Oi M it It 111 I I* y ^ o > iit> wdt 'ind 
an ’in ox-hinge^s yie' is wa<ei p -t ic 1 v f it I » j n> lo i 

Uses of wafer • Watei js used for both do le ♦ c ni indpstnal 

puip )ses (I) Its use foi drink nir an i c > u jPi? pnrp ist i *ndisoeri- 

sable. (2 Foi wss^ing clothes ani Un mw u’ il» i nfit> 
ol watei IS lequutd 3) W^tet s i cd ri i m >n 4i * indus- 

tr’cs, watoi u m qnlv used in <’1 i ^ vt if ile»s M ci wt^eii'^ 

consumed by Ihe ch* mic il Old I tn# f i ' r> > In tfu 

laboratoncN it is pnmjf<k i t 6 s ^ s 

finds Its appl citi n -t ir b xzv'' ’ i n \ ano 

medicinal prepiriM ^ 

Water is purified by applic it»o i I < it fv it ethi J » arcoi cli*»c 
to the nature u* its use 

Water can exim ni'«h mo^t i r< P i ii t ht * r t\ j p ,unOi 

fire. Petrol n If gh ’r^hrin at r pJ 1 > i , t'" ^ t < i < , p In 

floats on waierand c a iiiu s n hii' 

Disadvantages of using hjrd witer 

(1) For washing cl itScs and ptrraenis v Ui ‘ is 

not suitable WiP hara \v *cr «o de<er"^at ci]f i ofsoi|. i>ob e-veJ 
unless a large amount of it is cons imeJ i remo\e n dissolved 
calcium and magnesium ills in ihetojn, oi ird\ ft* e pic ipi- 
tates. To preveni wasiig ofs'ap hwu v/ itei lUi r b sibcncd 
when used for laundry purposes Pre ente ot mv salts in laundry 
water is objectionable because jt is ejsiK oxid ♦d to the ferpc 
state which causes brown ur simib.r stuns on fabrics 

(2) If water containing calcium and magnesium bicaibonaies is 
heated m a kettle for a long time, the inside of the lattei becomes 
covered with a layei of insoluble calcium and magnesium caibo- 
nates formed by the decomposition of tht bicaibonates of the 
metals. This layer is a non-conductor of heat and it becomes 
difficult to boil water in such a container. 
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(3) In industries, water that is used for raising steam in boilers 
must be rendered soft as otherwise when the water is evaporated 
off, a deposit of solid calcium carbonate, magnesium carbonate and 
calcium sulphate is formed on the inside walls of the boilers This 
Hard and heat-insulating deposit known as *boiler scale" causes 
greater consumption ot fuel for beating water in a boiler and also 
causes rapid deterioiation of the boiler plates through overheating. 
Sometimes, an unequal expansion of the boiler and its scale 
takes place due to continued heating and the boiler bursts with 
explosion 

It is to be noted that when water containing magnesium chloride 
IS heated in a boiler, the salt undergoes hydrolysis giving mag- 
nesium t'xychloride and hydrochloric acid The acid atrack*- the 
Doilci -ind dirtlens its life. Magnesium oxv chloride lvcom*s a part 
to the dcposiU J boi'ei scale. MgClg-fHyO Mg (OH) CL 

Fo *Jfrnkin#r pu»po'?e, water of zero ha^dn''^* is nf t S quantities 

ciKiuri salts areea«ential foi thei? owth of hun *1/ b J . 

Drinkioj; or potable water : *a »r^i sp .Jd be clear, 

.'oloitl ixns^ <t a *efre<jhing tast* vviii h u i -p ato by the 
aiS'«olvrd solt" p c'ieiit in it. It mast b" li e di pj t-»‘r *ducing 
v'crms an ) othur 'usp.mded malcnals iriiuiious ’ f liL U must 
not c (i’ssolvcl copper oi Iv’ad l ^ np in* v/hici aie 

purodf^ne pa,<ons niicl in no way it sh ' L>nrin excess of 
comm f' sah W.'tcr containing ritraU ^ c» is unsuitable 

for nking p iiposcs is the presence i f t! v. d'sf n Cn in water 
ind'cite> onUmination with *h d d'c,yu\* .'n iml or 

scgott.lo* matter Ho'sever, dnnkinp Wai » r<.^j .tb- ofuned 
or c'^oin»c*^ii> purihed On the other h i i, 'Or wii >11 /(i.antities 
of diss*'iveJ sod um, potassium, m.igiieu.rn, c tc'» tu salts nnd 
carb «n dumdc give water its pIcasiT»t t u v • tor 

jtowtho* living org inisms Th.' process o,’ j> * \U ,0 >1 p itui d 

water dr»n*jTig p n p se ma^ I ^ ^ » »»’*!• ,.eicis — 

la) Rv'msva! f suspended iinpuntie* b) Mpivp ,, i knl the 
patho^vji\ bd^,Le ta. 

Ill cnies <ind towns, water from a nver cin.d o' a I kc is pump- 
ed uo and st^rO m tanks where the si noot* ed i S' \ ities seule 
downsl?wly Potash alum is addtd foi qr^ck iumLii*- of the 
suspend'd mitten’s and hastening the settl uj pi kc' • Muminium 
hydroxide precipitated as a result of the leutions L»rrf-» down 
suspend'^d heavy particles of clay and .some bi Ur a Th»s wat^r is 
•hen run from the top into filtei beds consisting Dirce 1 jyers — the 
upper layer of fine sand, the j*iiddle layer of coarse mh 1 and the 
bottom layer of graded gravel. Filtered water is take out ihrough 
the drains below the gravel layer and is collected m big icservt’irs. 
After a few days, the fine sand filter becomes ci>veroo a oh a slimy 
layer of clay, algae, etc. which acts as a filtering medium and holds 
up tile suspended impurities and the bacteiia 
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Water tbu<4 filtered is sub] cted to stenlisatiou Some of the 
iraportaiit sfcr geit i fd are • liquid chlorine, bleaching 

powdci, 020 n? «d air, p td«siiim peimanganite etc in recent times* 
water is oft^r freed rim bt tcua by a sho t c’sp jsure to Tiltra 
violet rays. 

Preparation o chemically pore water Water f ee from sus- 
pended cr I on \o! tile, s iJuble, impurities is obtained b> 
distillation Water ^eqaire ‘ fi j < htmical woik is usuaUy p epnred 
by distilling if fiom a coj per or an iroii vesstl piov*ded with a 
copper coiid'*nsti iid by c Hi cling the m ddL pomon of the 
distillate This watei is not puiectly pure It may be cDntaminated 
with dissolved ga^es By passing chi nne throu.h the boiling 
distilled water, nitr igenous orj inic orapi unds arc usually 
removed The excess cf chlorine is then duven off by boiling 

This purified water ein be s.<> ntUed to extia pure naler by re 
distilling It m p cse'^uc of t rt ^ p tas:>iuiA psrmmgi la^e and 
caustic poiad’. Flic thsidhitiun ij c irntd out in in aop iratus made 
of pyrex glas^ 

Properties of vrtcr -Physical 1) Puie w \ i n odo irles'> 
tistele s, cloT < 1 cut iiq I i tine nit i vi' tv itui li 

Ihm l^>ei It ^ 1 b u > » ai blu f ^ b Ik t 
i cczc> 1 0 C i » ’ V H ) ^ bt n i i c 1 i 

/TO nun I 1 * n t tv mix mai i it 4 ( i/ ri* 

Ab%ve u d btl ^ t ii i tu i den kv/i ^ 4) Wite 
in the pure cor up r s avtry p ci v uid t i of ni uy is 

ionises very *<h hM> in o liyi'r <»ci and h\ui i i 

H O^n 4 OH 

But Its cleUrufl CO iduclivity increases to i onble extern 

by the additi mi c i a small ara^iunt of an u id or atkji i^) Water 
IS a good solvent having the pov cr of dissolving moxy s ibstaocc 
either at ordnnr lempr or high temp C one sulph iric i o 
c lustic soda, caustic p )tash dissolve in water with evolution oi 
much hear while heat is ab^ irbed duiing preparat'on of a 
solution of ammonium chloiide in water. 

Chemical tO W iter is a neutral liquid to litmus (2) It is a 
good ionising sohont rhccrcdvtes like acids, bises and salts dissolve 
in water and d s ointe i to i ins 

(3) In minv eheinual rciciions, water aets is i no itixe citalyv 

Pciiectlydiy hyi roc»en ind calonne do not ui t if all , but in 
piescf ce o' a u motstioe, t iC eon binali >ii t^kes pi c^ v itn 

tfie formation 1 1 hvdi i^>en c d u ie ispiiofu <i d Sw.lphur d(» 
not burn i pure and [--y oxygen even at lugh tt» ip r itcre , but 
they bu<n vig jiousJy 1 1 o\>^ cu eontiining a little m justuie J 

(4) Action of water on mttals The action of water 'in metals 
to yield hydrogen has been fully described m page 20 It cin be 
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shown that water attacks the metals to a degree varying with their 
positions in tbe e)ectn)chcmical series. 


K 

Sa 

Ca 


a I tack Cv>li water 



3l‘ack steam 


Fb 

Cii 

Hg 

Ag 


do not attack writer 


(5) Action on non-metals : When ste'^m is passed over white hot 
coke, (at -tb *;it 1000 Oamixtnrr- o! volumes of carbon mono- 

xide and hydrogen is obrairca ffii"; inixlurc is kriv^wn as water gas. 

C + 

Slmdarly. silicon it white he'*, dccomnnse^' water forming 
hydrogen and siijcoo d oxide SI — 21-1^0 SiO,, -h 2112* 

Chioriae read' w.rh c^ld wat: r //vi *g :i li^ht yellow ‘Solution 
cai'ed ch‘ innc-'v-oer w rh r » a h uCid and 
hypoc.jl -rous ( ^ -i, Ci, - luCi. 

in »’• ’■‘it '-i wner rs .-i; .’cd oy chL>r.ne ftirming 

iiydrochi iite uc;.i .Md 2C1 !-2HJ) = 4}rn-fOa. 

v6) Action O'l ^neiulUe oxides * S'»doini oxide or potrissiiim 
oxide r^^aers water ,;i the ordnary U.nperature the 

metallic hydroc‘de (alkali) in solution. 

Na204-H.0-2Na0H; K,0-l H,0 -2KOH 
Sodium peroxide, on being reacicJ v ith water at the ordinary 
temperature, evolves <’jxygen and f sodium hydroxide which 
remains in soiun >n. 2Na202 f 211.20 ^ 4Na0H-!-0,. 

Calcium oxide (quick lime) is atticked by cold water with the 
formation of shghtly soUibe calcium hydroxide or slaked lime. 

CaO 4- HaO ~ Cu'OH)b. 

This reaction takes place with a hissing sound and geaeiation of 
much heal. L'm ^ becomes hot ; ^'.ommences to swell up and 
crack and rinai.y cr imbh^s to powder. A portion of waiter is seen 
to escape as steam. 

(7) Action of n^n-metallic oxides: Acidic oxides like carbon 
dioxide a td s;»iah*jr di ix^de dis-dvc in cold warer producing 
carbonic ui>i sulolinrous ac:d r sp^cuvely. These acids are 
not stable compounds. Oii healing i *e solutions of these acids, 
the oxides are ag^m given off. 

CO 2 -f HgO^H^^COs ; S02 +H,Ov=s:H^SOs. 
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Sulphur trioxide aad water react to produce sulphuric acid* 

Phosphorus trioxide reacts with cold water forming phosphorus 
acid but with hot water it forms a gaseous substance named phos- 
phine and phosphoric acid that remains in solution 

^P „03 + 3H,0=2H3P03 ; 2 P ,03 + 6H,0=PH«+3H8P0* 
phosphorus ac’-d Phosphine 

Phosphorus peutoxide reacts with cold water with a hissing 
sound produung meta phosphoric acid and with excess of water, it 
gives phosphoric acid. 

^ P,03+H30 = 2HP03 ; P,0, + 3H,0 - 2 H 3 PO*. 

M(t'jioho'‘ph.*r;c arid 

( 8 ) Metallic hydrides (b nary compounds of hydrogen and 
metals) react vviih water evolving hydrogen and forming the corres- 
ponding metallic hyJrnxIdes 

NaH4-H,0-Na0H+H, ; r;aH,^-2H,,0 = Ca(0Hio+2H, 

'9' S 'tme metallic cirh de; (binary cornpounch of carbon and 
metals\ «iome met-illio nUrid-s (binary c ‘mp>)iinds of nitrogen and 
metals) and calcium cyannmilc react with water 

CaC., -b2H,0-* Ci(OH),4-C,If, (;n cold water) 

Calaurn cJrbidt^ Ac* i > 

^ Al^Ca -fl'K.O -4\1(OH^ ( ) 

Ahimin'iini rubl.v '4',lt'ane ^ 

Mg,N, 4- 6H,0 - 3Mg(OH;,,4-2NU, (^n boiling water) 

j irrbit^ 

/ AIN 4- 3H,0 - A1(OH\ 4 NF [3 ( ,, „) 

Alu'riiriiufr; 

/ CaCN.43H20--CaC03 r2NH3 (by super hsHted steam) 

Caloiirn cy jndmidc 

(10) Certain normal sails ar^ liyjrotvscj by w ilcr giving either 
acidic or alkaline solutions, 

FeCU 4 Fe(OHs 4 3HCI (acidic soln.) 

4 2H,0~-^2Na0H 4 H,CO, (alkaline soln.) 

Tests; ( 1 ) H is usualiy rec.»gnjsed by its capacity to turn 
anhydrous copper sulphate i, white) to a blue colour, 

CuSO* 4 5 H 3 O - CuSO^. 5H,0 
Anhydrous Kydiated 

Conner sulphate (white) copper sulphate {blue) 

(2) At normal prcjsure, pure water freezes at 0*C and boils at 
100°C. By determining the boiling point, it is also recognised. 

(3) When a few drops of water are added to a lump of freshly 
burnt quick lime, the lime crumbles to powder with a hissing sound 
evolving much heat. 
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.‘'-Composition of water : The composition of water has been 
determined both volumetrically and gravimetrically. 

Volumetric composition of water : The composition of water by 
volume can be arrived ai by both analytical and synthetic methods. 

'-‘Analytical method : in this method, the volumetric relation of 

hydrogen and oxygen in water h determined by raeasuruig the 
volumes of hydrogen and oxygen produced on electiolysis of water. 


in.O-2H.-hO3 

A glass basin containing two very narrow glass tubes fused at its 
b ttom is taken After inir ducing two fine platinum wires through 
the tubes, the open ends of them are sealed. The upper endb of the 
w 'wca :.re provided wiHi two foils of 
the same metal No\” t'\0'thirds of 
the bisin are filled wit}* water so 
ip-jt the two ph tinurn remain 
comp3'.5tely immersed in the liquid. 

A *'ery little dd. sulphuric acid is 
aci.Jed :o increai.-.* the conductivitv 
I'f ‘Aatcr. Two graduate J glass tubes 
tiiled entirely With Ipesime acictu- 
I lieu water are inverte i .•ve- ihe 
pltlinirm foils. Tie ends iT rhe 
p. vtii'nii wijC' t)uts5».'e i;:c basir* a’c 
ct-nneute.i wuii the p(/-o*ive as^d 
rte’aiiic: pedes ol a battery and rhe 
carreat j.*. sr« itched un. Bubbles 
ofgai appear near the s' ]\< and 
co'acvi by di^placciiiert o'" the liquid 
in he tubes. After sonn^ time, plafininn wires rnc dii'C nnccted 
a’ d IX IS found liuit the v- lumc of the uui ir. the gradii.ittd 

containing t-c au' d-* is ne^jriy Judi* < f the voh’.mc nf the gas 
a>lhcied in the tube contaiun g ihe c- tUo:-, A hght.d taper 
vv*x‘u held £it the . uicci^ed over the catliodc i-i cxtingujshnd but 
th ' gas coulinues to burn with a pale hlu** fl:r .e. 00. the gas 
lib^Tdled over the cath )de is hvdr*>gen. T!i ‘t the gas collected at 
the anode is oxygen is proved by the fact that it refcmdfcs a glowing 
chip of wood but itself doo!> not bum. It produces brown fumes 
wnen brought in contact with nitric oxide. 



'uv Hfeciri;lysi'4 of 
water 


From the above experiment, it is concluded that water is com- 
posed of two volumes of hydrogen and one volume of oxygen. ) 
Synthetic method : .Cavendish's modified method) Determina- 
ti n of the volumetric relation of hydrogen and oxygen in water by 
this method is based on the fact that water is formed when a mixture 
of two volumes of hydrogen and one volume of oxygen is ignited by 
means of an electric spark. 2H2-bOB — 2H3O. 

A straight eudiometer tube havingtwo platinum wires sealed near 
the closed end for sparking is completely filled with pure and diy 
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mercury and inverted over a trough of the same liquid metal. A mix- 
ture of dry and pure hydrogen and oxygen in the ratio of 2 : 1 by 
volume is introduced into the eudiometer tube by displacement of 

mercury. The open end of the tube is 
firmly pressed against a rubber p .d 
within the trough. Usually themixtureof 
hydrogen and oxygen (electrolytic gas) 
obfained by electrolysis of acidulated 
water is dried by cone, sulphuric acid 
and is collected in the eudiometer tube. 
Now, an electric spark is passed through 
the inixtuie by connecting the platinum 
wires with an induction coil. The com- 
bination of hydrogen and oxygen takes 
place with explosion. On aUowing the 
Uibe to coo!, drops of w'ater appear on 
the walls of the tube. The volume 
of water formed is negligible in com- 
parison with the volumes of hydrogen 
and oxygen used up. On releasing the 
tube f^-om the rubber pad, mercury from 
the trough rushes isi and entirely fills tlir tube. It follows from the 
observation that j o unre. -'fed gus. either hydrogen or oxygen, left 
in the tube 

Thus, the cxperimcM! prows that vva^cr is produced by the 
combination of two voJun'»es r.f {<ydu>gen ?ind one volumetof oxygen. 

Volumetric coinposifion of steam — Hofmann's method ; The 
volunietrio composition of steam is deiermined by this method by 
sparking 2 volumes of hydrogen with I volume of oxygen at a tem- 
perature higher than )0l)‘C which is the condensation point of 
steam or boihng point of water. 

The mixture of hydrogen and oxygen obtained by electrolysis of 
water acidified with a little dilute sulphuric acid is freed from 
moisture by passing it through cone, sulphuric acid. This dried 
mixture is uted in this process. 

The apparatus used in this process consists of a stout U-shaped 
eudiometer tube, one limb of which is closed and graduated. Near 
the closed end, two platinum wires are sealed into the giassfor send- 
ing electric spark into the gas mixture. The other limb of the eudio- 
meter tube is open and has a side cock near the bottom. This hrab 
serves as a mJinometer, for luerrury can be run into and out of this 
tube, so alteung the pic^sure. Ihc closed limb is sunoundeJ bv a 
jacket of a wndor ;;lass luhe wfiiich is provided with two tubes, one 
at the top and the other pA the bottom. T ;e tube at the ri p serves 
as the inict for introdijicing amyl alcohol vapour into the jacket 
while the tube at the bottom acts as an outlet of the same. 

The closed and graduated limb is completely filled with mercury 
and a mixture of pure hydrogen and oxygen in the ratio of 2 ; 1 by 



I'ig. 2 (22i Voluijieliic 
ccsrnposiocn wotfir 
by s>nih;tic method 
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volume is introduced into it by the displacement of mercury. Vapour 
of amyl alcohol (which boils at is then passed continually 

through the wider tube serv- 
ing as the jacket. When the 
mixed gas in the closed limb 
attains ^ steady temperature, 
the exact volume of the gas 
mixture is noted after equaliz- 
ing the merciuy levels in the 
two limbs. In order to reduce 
the pressure inside the closed 
limb, some mercury is taken 
out by means of the side cock. 

The open limb of the appara 
tus is then firmly plugged so 
that the mercury is not blown 
out The gas mixture is then 
exploded by passing an elec- 
tric spark into it from an in- 
duction coil through the 
platinum wires. Under the 
influence of the spark, hydro- 
gen aiu] oxygen combine to 
produce steam which cannot 
crmdem^c into waUr at this 
high tempera lure. The pb^g 
is rem.,*ved Onaik'wing the 
gas to cool down to about 
132 C, and bringing tuc mcr- 
curry to the same level in both 

the limbs, the volume is again noted, h U T nr-d l uit a ccmfvactioji 
in has place and the vol ^rse d' sio on produced is 

exactly tivo-l^^iids of tliT:: volume of tre nuxiutc of hydrogen and 
oxygen origiTnally introduced. 

Passing of umyl alcohol vapour is then stoppea and the 
whole apparatus is allowed to cool down gradually to the room 
tempera* UTC. Nt'w, steam condenses to iiqi.i 1 which occupies 
a negligible volume. Mercury level rises up sIowl \ and Ihi-ally the 
closed hmb is seen to be filled up comphrdy by mercury. This 
proves beyond d^:uht that all hydrogen an ; e\vgv'n have hetm used 
up and the steam produced occupies Two-thirds tiie volume. 

Therefore, 2 volumes of hydrogen combine wdth 1 volume of 
oxygen to produce 2 volumes of steam, i.e. by volume. 

Hydrogen : oxygen : steam 2 : I ; 2. 

N.B. (1) Before each measurement of volume, the rvels of mercury in the 
two limbs are to be adjusted to equality. Under this coxidifion, the pressure of the 
gas or the gas mixture becomes equal to the atmospheric pressure at the temp, of 
the experiment. 


AMYL ALCOHOL 
VAPOUR 



Fig. 2(23) De '.t.'w'n volumftric 
rtlkif’on o» j y ni’ivtn atui o cvfcn 

■ >'"'U 
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Gravimetric composition of Water ; There are two methods 
which are chiefly used in determining the composition of water by 
weight ~ (a) Dumas’ method and (b) Morley’s method. 

Dumas’ method — Principle : This method is based upon the fact 
that wh-n perfectly pure and dry hydrogen is passed over previously 
weighed heated cupric oxide, hydrogen ii oxidised to water and 
cupric oxide is reduced to metallic copper. CuO-f-Hg ^Cu-fHaO. 
Hence, from the weight of water formed and the loss in weight 
of cupric oxide, it is possible to find out the weights of hydrogen 
and oxygen used to form a definite amount of water. 

Procedure : Hydrogen gas prepared in a Woulfe’s bottle is puri- 
fied and dried by allowing it to pass in succession through a series 
of ‘U’ rubes containing (ai lead nitrate soluti on, (b) silver sulphate 
solution, c) strong caustic potash solution and (d) cone sulphu- 
ric ac/d. Finally, the gas is dried by passing it through a tube con- 
taining phosphorus ptntoxide. 

Now, the pu:c and dry hydrogen is passed through one end of a 
large bulb tune containing dry cupric oxide. The bulb tube with its 
content is previously weighed. The other end of the bulb tube is 
connected to a weighed U tube containing ftued calcium chlo- 
ride. A Pj^Ofi-guard tube is attached to die Iroe end of the CaCL;, 
U-tube to prevent the cntiy of mtu^tuTc in:o the U-tube from the 
atmosphere (Giiaui lube has not been sh -wn in the fig.) All con- 
nections must carefully be made air-tigJ t. When the air from inside 
the whole apparatus has been completely replaced by hydrogen, the 



Fig. 2(24) Deter tninai ion of graviTictric composition ot water— method 

bulb tube is strongly heated. By taking oxygen from the oxide, 
hydrogen is oxidised to water which passes c>flr in the form of 
vapour and is absorbed in the CaCL U tube. Cupric oxide is 
reduced to metallic copper which remauis :n the bulbdube. 

After the experiment, the apparatus is c olcd to the laboratory 
temperature, in a current of hydrogen. The bulb tube and ihe IT-tube 
containing fused calcium chloride a^e de^ u'hod and weighed sepa- 
rately with care. The increase in weight of U-tube gives the weight 
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• of water formed and the loss in weight of bulb tube indicates the 
weight of oxygen which has been used up in forming water. On 
subirac'ing the weight of oxygen from the weight of water formed, 
the weight of hydrogen can be calculated. 

Calculatior.5 ; Let 

wt of the bulb tube-f cupric oxide before expt.=W^ gnis, 

» ,, „ „ +copper+cupric oxide after exp®=Wj, gms 

wt of oxygen used up in producing water-- (Wi—Wg) gms. 

wt of U'tube containing OdCl.^ before expt, - W.* gms. 

s* 1* »j 5j >1 after 9, 

*. wt sVflter prodiic;cd-(W4--W3,' gms 

wt of hyjrogcn used up to produce (W^-Wg) gms 
c-f w- ter- wt of water produced - wl of oxygen used up. 

VV„)-(Wx-WJ]gms. 

r{W4 — 'vV'j,)™(Wa —Wg)] gms of hydrogen combine chemi- 
Ccilly with ^Wi - W.,) gms of oxygen to produce (W4 -Wg) gms of 
water. 

On pe,' forming the expcrun^^nl carefully, it is found that the ratio 
of the weight of hydrogen to that of oxygen is I : 7 9S. 

So, it may be conciuded that 1 part by wt of hydrogen combines 
with 8 parts by wt. of oxygen to form 9 parrs by wt. of water. 

Precautions : (Ji Huhogen to be used in Dumas' merbod muit be pure 
and free tjom moisture. 

(2 Ah ^ oJiuections must be air-tisht. 

(1) Wattrvapour produced muift completHy be carried by the stream of 
nydrojien into ihc CaCls-U-iubo for absorption. The apparatus is allowed to cool 
in a current of hydrogen which prevents water from being cirried backwards and 
re-oxidatfon of copper. 

(4) There must be a Ca(?|..-gaard tube attacf’Cd to the end of the system 
with a vie^ to preveutieg the entry of the moisture from the atmosphcie. 

(5) The bulb tube must be headed after the air has been completely expelled 
from inside the apparatus by hydrogen. This is necessary because hydrogen may 
combine with the oxygen in the bulb tube to form water. 

Defects in Dumas'’ expt, ; (1) Reduced con.'7er in Che glass tube (bulb) retains 
a minute amoaut of hydrogen when cooKd in the current of the gas. This 
occluded b.ijrogeii may shgitly increrse the weight of the glad's tube. 

(6) H^drooea r-quifed in this experiment is purified by passing it through 
cone, sulohunc aciJ. A acn iU amount of dissolved oxygen in the acid passes on 
with hydrogen and nay ox difie co,>pcr to conper oxide affecting the weight of the 
tube. This oxyv;en may again be reduced 10 water. 

How t ie results of the experiment do iiv>f vary to anyi apprcciabie extent 
due to these detects which ma> be .goorod. 

Morley’s experiment : This laethod of determination of accurate 
composition of water by weight is based on the synthesis of water 
from its elements In this process, a known weight of hydrogen is 
burnt in a weighed qu'inrity of pure oxygen to produce water by 
means of eicetne spark. 2HaH-0.i - 2M»0 

The gravimetric composition of water is then determined from 
the weights of hydrogen and oxygen taken and the weight of water 
l>roduced. 



48 


INOROANfC CHEMISTRY 


The apparatus used by Morley for his experiment is shown in 
fig. 2 (25). It consists of a specially constructed glass tube called 
reaction tube having two side tubes filled with phosphorus pentoxide 
and ending in jets inside the reaction tube. 

Two pieces of platinum wires are fused near the jets. The upper 
ends of the side tubes serve as the inlets of the reacting gases 
(H^-f Oo) separately and are provided with stop cocks. The reaction 


11 . 


P o ' 


i ! I 1 

uM W 


or the central tube is so designed that 
the water formed may be collected at 
its lower part. The whole apparatus is 
evacuated and weighed accurately. 










Now, ti>e hydrogen produced by elec- 
trolysis of dil. sulphuric acid is purified 
by passing it successively through solid 
caustic potash, heated copper and phos- 
phorus pentoxide. Pure hydrogen thus 
obtained is absorbed in palladium in an 
evacuated glass globe. The weight of 
the glass bulb contairung palladium and 
occluded hydrogen is taken correctly. 
Oxygen prepared from potassium chlo- 
rate^ punfied b/ passing it through 
sand caustic potash, cone, sulphuric acid 
and phosphorus pentoxide in successt'"!! 

is led into cn evaruatefi bulb This 
bulb Lklong with oxygen is weighed Now 
hydr-’gen and oxygen are led separately 
Fig. 2(25) .MoiJcy.s* lubes conhiiiiing phosphorus 

cxr.vriiTiKr-t pcritv,x»d. Immediaiely, an electric 

spark is passed between the pi: tifji.r., wires v lit n :i:c gasc.s burn at 
the jets to produce P.t n.,. burrsing, ih--, reactjori tube is 

dipped in cold w*;Ict s*> lha< pio:b cco is jon verted into 

liquid water and collects at I'm:* | pari v f the ir.bc. To facilitate 
complete conversion of steam water, tiie appaivtus is cooled 
in ice. By means of the stop-<"ocks, the entries of I he gases are sc 
regulated that hydrogen and ox}. :_ea i j the ratio of 2 : I are intro- 
duced for combination. Tlie untfacted gases are then pumped out 
through the P.^O,.-tubcs, an^ly^rd and their w^eigins rre found out. 
The loss of water during p.rrptne is p^cvenud by phosphorus 
pentoxide. Th*. wli^ie upparatu*- Is kcxI r ;.. -vv eight d ac:'uraiely. The 
increase in wc'ght of tiie appr.r itu» gives the wcic^/ai of water 
produced. The bulb in which hydrogen was absoibcd in palladium 
and the bulb iii which oxyge i was kept before the experiment are 
weighed. 

Calculations ; Let 

Wt. of the bulb containing hydrogen before expt=Wi gms 

99 99 99 99 Iff 99 UftCr 99 ffff 
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Wt. of hydrogen introduced 
» left 

„ burnt 


^(Wi-WJgms. 
=Ws gms. 
-(W,-WJ-W3 

gms. 

Wt, of the bulb containing oxygen before expt=W* gms. 

•f .* }} f. after ^ 

Wt. of oxygen introduced ='(W4='~^^0 « 

„ left ^ ^ -W,. 

„ „ „ used up in combination --(W* - W,,) -W* 

gms. 


Let the wt. of water produced be W gms. 

From the results of a number of experiments, Morley obtained 
the ratios, 

O : H---(W,-~W,,>-W6 : (W. - WJ-W., 7*9395 : ! 
and H..O : H- W : (Wi W3--8-9i95 : i 

8 parts by weiglit cf oxygen combine with 1 part by weight 
of hydrogen to form 9 parts by weight of skater. 
tJ^Heavy water or Deuterium oxide^D.jjO : Heavy water is an oxide 
t'f heavy hydrogen or deuterium, an isotope of ordmary hydrogen. 
I the at>/mic mas.^es of ordinary hydrogen and deuterium are appro- 
ximately ) and ? rcspeclivclyL 

It ii> best prepired by electrolysing the resvdncd nater accnmula- 
red in the elecrrodyho cells used for several years for industrial 
prodiiLtion of hydrogen. 

Her)Vy water resembles ordinary w'ator in cemposition but is 
likely V* possess properties different from those <»f ordinary water as 
Ji contains two heavier hydrogen atoms In its molecule. Both the 
ordinary wat^r and heavy w'ater arc colourless hqiiids. Heavy 
water differs Trom ordinary water in many physical properties as 
shown in the Hdlowing table. 


Property 

OrdiP^rv water 

Heavy water 

'U^O) 

(D.O) 

bp. gravity at 2;) C 1 

0‘1982 i 

1 )009 

Freezing point ' 

oc 1 

3-82'‘C 

Boiling point | 

100 c i 

10|-4“C 

Tempr. of maximum ; 

A c : 

1 l‘‘j 0 

densit\ ' 

82 j 

80-5 

Dielectric constant ■ 

at 70X: 1 


Heavy water is p orer electrolytic soHent iliaii oidinary water 
Starring from heavy water, a number of deuterium compounds 
can be prepared. 

'^SOo-f DaO-^D^SO, (deutero sulphuric acid) 

0^2Ni>a (deutero amnioniaH-3MgO. 

Al 4 C 34 6D..O~>3CD4 (deutero methane) -f2Al£0., 

CaCg-f DgO-^C^Dj, (deutero acetylene) +CaO. 


Not included in t.be W.B.H.S. Syllabus. 
II— 4 
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The hydrogen atoms of many hydrogen compounds are 
exchanged by deuterium when treated with D,0. 
^^C1+D,0-^DC1+H0D 


alkali 


+D,0 ^ D,0 

NH* — »-NH,D ►NH^Da 


+ D*0 


-►NHD. 


+ 0,0 


>ND 


+ 

4 


Uses : (1 ) Heavy water is used as a source of heavy hydrogen 
(2) It is used in the study of mechanism of chemical reactions and 
elucidating the constitutions of some organic compounds. (3) In 
recent years, it hnds its improtant applications in nuclear chemistry. 


HYDROGEN PEROXIDE 


Mol, formula H Mol. wt. 32 016 

Sp. gr. at 0 C 1 46 Boiling point 151 C 

lo 1819, Thenard divcovrred the compound and named it oxvxenated i^dtei. 

Preparation : (t) By the action of dil. mineral acids on certain 
metallic peroxides 

(A) Laboratory method of preparation : In the »labtiratory, 
hydrogen peroxide is prepared by the interaction of cold, dt) 
sulphuric acid and hydrated barium peioxide. Insoluble barium 
sulphate is produced at the same time. 

BaO, + H^SO^ - BaSO* + H^Og 

Finely powdered barium peroside taken in a beaker is made into 
a thin paste of hydrated barium peroxide (BaO^. SHgO) b> slowly 
stirring with a small quantity of water. Dil sulphuric acid is taken 
in another beaker. Both the beakers are cooled by placing them in 
a freezing mixture of ice and salt. When the temperature fails to 
about O^C, the paste is added gradually to ice-cold dilute acid and 
the mixture is slowly but constantly stirred with a glass rod. 

Barium peroxide reacts with the acid to form hydrogen peroxide 
which remains in solution and a white precipitate of barium 
sulphate. Addition of the paste is continued until the solution is 
just faintly acidic. Slight acidity increases the stability of hydrogen 
peroxide. The precipitated barium sulphate is allowed to settle and 
is filtered off. The filtrate thus obtained is a solution of hydrogen 
peroxide in water containing 10-20% H^O,. 

(B) In place of dil. sulphuric acid, phosphoric acid may be used 
for preparing hydrogen peroxide. In this case, hydrogen peroxide 
along with insoluble barium phosphate is produced. The presence of 
a small quantity of phospharic acid in hydrogen peroxide retards its 
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decomposition. Here, phosphoric acid behaves as a negative 
catalyst. On filtering the precipitated barium phosphate, an aqueous 
solution of hydrogen peroxide is obtained. 

N.B. (1) In the preoaratioo of hydrogen peroxide, cold and dilute suipbunc 
^acid is used. Hvdrogen peroxide tends to decompose spontaneously into oxygen and 
water even at the ordinary temoerature. This decomposition is considerably acce- 
lerated by heat. Hydrogen peroxide decomposes more readily at the temperature 
produced by the action of cone, sulphuric acid on barium peroxide. 

(2; Anhydrous barium peroxide is not used in this preparation for two reasons ; 
(U The heat generated by the interaction of anhydrous baiium peroxide and the 
acid affects the stability of hydrogen peroxide, (u) Moreover, particles of anhydrous 
barium peroxide are soon coated with a layer of insoluble barium sulphate. This 
gating prevents tne metallic peroxide from coming in contact with the acid and 
the action consequently ceases. 

(3< The thin paste of barium peroxide is added to the cold and dilute acid in 
such a way that it mixes uniformly throughout, 

(4) The decomnosition of hydrogen peroxide is slowed down by the presence 
of a trace of the acid which acts as negative catalyst. If excess of barium peroxide 

added, h>drogen pe'-oxide formed begins to decompose. This is why the 
' solution IS kept slightly acidic at the end of the reaction. 

(5) Hydro hioric acid is not suitably used. Soluble barium chloride which 
is produce i by rhe actum of barium peroxide and hydrochloric acid cannot be 
removed easily Jrom the aqueous hydrogen peroxide holutioo. 

(c) Hydrogen peroxide may also be prepared by the action of 
' carbonic acid on barium peroxide. This process of preparation is 

known as Merck’s process. 

Merck’s process : 

Finely powdered barium peroxide is suspended in water in a 
beaker cooled in crushed ice. A stream of carbon dioxide is then 
passed through the cooled mixture until the water becomes just 
acidic. Hydrogen peroxide and insoluble barium carbonate are 
formed according to the following reaction. 

BaOg + COa + H^O = BaCOa i + H.Oj, 

The precipitated barium carbonate is filtered ojff when a 
solution of hydrogen p-^roxide in water is obtained. 

Merck's perhydrol : A solution of hydrogen peroxide which 
is sold under the trade name Merck's perhydrol is obtained by the 
interaction of sodium peroxide and dilute sulphuric acid. 

Na^O, 4- HgSO* = Naj^SO* -h H^O. 

Calculated amount of sodium peroxide is slowly added to dilute 
( 20 %) sulphuric acid cooled in a freezing mixture of ice and salt. 
Sodium sulphate formed separates at this low temperature as crysta- 
linc Glauber’s salt (Na2S04. lOHgO) and is filtered off. The filtrate 
on distillation under reduced pressure yields 30 ‘c, solution of 
hydrogen peroxide or perhydrol. 

(d) Hydrogen peroxide is also obtained )>y adding calculated 
quantity of sodium peroxide to an ice-cold solution of mono 
sodium dihydrogen phosphate (NaH^PO*) until the solution only 
just reacts acid. Na^Og + 2NaHjaP04 = 2Ne2HP04 + HjjO^ 
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On further cooling, disodium hydrogen phosphate separates out 
as NagHPO*. 12HsO. which is removed by filtration. The filtrate 
is a strong solution of hydrogen peroxide in water. 

Preparation of pare hydrogen peroxide : Hydrogen peroxide 
resulting from the reaction of a peroxide and dilute acid is obtained 
only in aqueous solution. Water and hydrogen peroxide cannot 
be separated from each other by fractional distillation as hydrogen 
peroxide decomposes into oxygen and water at a temperature far 
below its boiling point. Hence, the dilute aqueous solution of 
hydrogen peroxide is concentrated by distilling under reduced 
pressure at relatively low temperature. Water is more volatile 
than hydrygen peroxide (b, p. of water lOO C and that of hydrogen 
peroxide ISTC), 

An initial concentration is made by evaporating the aqueous 
solution slowly in an open glass or porcelain bisiri on water-bath 
at 60 — 70^C until effervescene begins. At this stage, more volatile 
water vaporises and concentration of hydrogen peroxide remaining 
behind reaches to about 66 percent. Further concentration by this 
process results in the rapid decomposition of hydrogen peroxide. 

The solution containing 66% hydrogen pero.vide is then subjected 
to distillation under reduced pressure of 1 5 m.m. at 85°C whereby 
about 99% pure hydrogen peroxide is obtained. The remaining 
portion of water is removed by drying the iiqjiid over cone, 
sulphuric acid in a vacu urn desiccator. Crystals of pure hydrogen 
peroxide separate if 99% solution hydrogen peroxide is cooled to 
- lO^'C followed by seeding with a tTys«.'d of ! per /xidc 

previously obtained by cooling a purtion of 9^^ in ^oVid 

carbon dioxide and ether. 

Description of the process of concentration of hydrogen peroxide 
solution under reduced pressure : 

The aqueouiv solution cf hydrogen peroxide (66 percent) is taken 
in a round-bottom distilling flask fitted vith a tneimomcter a.nd 
placed on a water bath [Fig 2(26)]. The side tube of the flask is con- 
nected with a Liebig's condenser the end of which is introduced into 
another distilling flask acting as a receiver. All connections mes’ be 
air-tight. The side tube of the receiver is then connected with a 
manometer by a rubber tube and is attached to a water pump 
through an empty filtering flask. The liquid inside the distilling 
flask is heated cr. the water bath slowly to about 30-35 C under a 
pressure of 15 m rn. and the water tap is kept open when mainly 
water distills over and collects in the receiver. The receiver h then 
changed and the distillation is continued at 70 — 80 C. Repeated 
distillation under reduced pressure yields hydrogen peroxide of 
99 percent purity. As usual, the remaining portion of water is 
removed by keeping the 99% solution over cone, sulphuric acid in 
a vacuum desiccator. 
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By electrolytic process : Hydrogen peroxide is nowadays 
prepared by electrolysing 50% sulphuric acid at low temperature 
with copper cathode apd platinum anode. This is the modern 
process for a large scale preparation of the compound. 
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h (j; 2;26> Piirillcatioti uf bydrogeu peroxitie 

As a re/alt of electroivsis, perdisulphuric acid (HySgO^,) is first 
formed ai tl»e ancKle duo to aaoclic oxidation. The resulting per di- 
suiphuric acid is then hydrolysed by water to pioduce hydrogen 
peroxide. The dilute solution on distillation under reduced pressure 
ot -90’ C gives a 30% sohilion of hydrogen peroxide. 

Ho . vPei-disulphuric acid) 

3 -H.s 0 ->H„S 04 t-H..SOii (per mono sulphuric acid) 

H,SO, 

In another process, hydrogen peroxide is prepared by electroly- 
ung a solution of aramocium bisulphate at low temperature. 

Properties — Physical; H) Hydrogen peroxide is a colourless, 
transparent, syrupy liquid. In thick layers, it is bluish in colour. 
.It has an irritating odour resembling that of nitric acid. 

(2; It is soluble in water in -.1! proportions and also highly 
soluble in oiganic solvents like nicjlioil, ether etc. When 99% 
solution of hydrogen peroxide is cooled by solid or liquid caibon 
dioxide and ether, crystals of pure hydrogen peroxide (H 30 a. 2 H 30 ) 
separate out. 

(3) Its specific gravity is 1*46 at 0'*C. It solidifies at — 1‘7X and 
boils at S 51 C. (It boils at y4'C under a pressure of 68 mm.) 

(4) In a concentrated form, hydrogen peroxide produces a 
white blister on skin. 
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Chemical : (1) Hydrogen peroxide is not a stable confound At 

ordinary temperature, it decomposes slowJy into water and oxygen 
liberating considerable amount of heat 

^ 2H,Oa=2H2O+O«+46,120 cals 

This decomposition is accelerated by heat* by light or in contact 
with a rough surface. Finely divided metals like gold and platinum, 
manganese dioxide, iodine or alkalis present m ground glass act as 
catalysts and cause rapid decomposition of hydrogen peroxide. 

To avoid explosion, due to the accumulation of active oxygen, it is advised to 
cool a bottle of hydrogen peroxi e before opei mg. 

Hydrogen peroxide when heated to its boiling point (15rC) 
decomposes into oxygen and steam with explosive violence 

Small quantities of sulphuric acid, phosphoric acid, calcium 
chloride, glycerene etc. retard the decompvisition of hydrogen 
peroxide as inhibitors and are often added to the commercial 
products as preservatives 

The decomposition is minimised if hydrogen peroxide is stored 
in a bottle made of polythene. 

(2) It is feebly acidic : A dilute solution of hydrogen peroxide 
is neutral and has no effect nn an indicator. When pure, hydrogen 
peroxide turns blue litmus red and reacts with sugic alkalis It 
reacts with a solution of sodium cat bonate t > produce sod. um 
peroxide and carbon dioxide. 

rv Na.C 03 +H. 0 ^--Na^ 0 , f fH>0 

If excess of carbonate I*) used hydrogen peroxide i> caiaMicaiJ) decomposed 
to evolve ox>gen 

With a solution of bmium hydroxide, hydiogcn perosidc gives a 
white crystalline precipitate of barium pero^ ide 

Ill the pure state, it reacts also w«th aminon*a to cive ammonium 
hydro peroxide and ainmoniuin peioxidc. 

' NHg + H NH 4 HO 3 (ammonium hydro^peroxide) 

^ 2NH,4-HjO^— (NH 4)202 (ammonium peroxide) 

In the above reactions, hydrogen peroxide cxhibiU its acid proper- 
ties. Peroxides produced are the true salts of hydrogen peroxide. 

(3) Hydrogen peroxide is a powerful oddising ai^ent • Hydrogen 
peroxide contains in its molecule one loosely bound oxygen atom 
which is easily detached m the atomic state. HaO^-^HjO-f O 

The oxidising action is usually explained by the readiness with 
which hydrogen peroxide in aqueous solution gives rise to atomic 
oxygen It sets fire to a mixture of magnesium powder and 
manganese dioxide or powdered carbon and manganese dioxide. 
It inflames cotton and wood. 
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It oxidises black lead sulphide to white lead sulphate, sodium 
nitrite to sodium nitrate and sulphurous acid to sulphuric acid. 

PbS+4Hg0a=PbS0*+4H,0 ; NaNOs+H^Oa-NaNO^+HgO 

H,SO,+HaO,=H,SO^+HaO 

Hydrogen peroxide oxidises acidified ferrous salts to ferric salts. 
Thus, ferrous sulphate in acid solution is oxidised to ferric sulphate. 

2FeS04H-H2S0^+H20.-Fe8(S0J,,+2H,0 

Acidified potassium iodide solution is quantitatively oxidised by 
hydrogen peroxide to iodine. A brown colouration appears due 
to the liberation of free iodine. Hydrogen peroxide oxidises, 
hydrogen sulphide to sulphur which is precipitated. 

2KI+2HCl+H^O«-T,+2Ka+2HaO 
or, 2 I-+ 2 H+-rH, 02 -r«- 2 H „0 
H,S+HaO,-Sf-2HgO 

In all the above oxidation reactions, hydrogen peroxide is 
leduced to water. 

It bleaches delicate materials like silk, wool, feather etc. by 
oxidation. It bleaches black hair to golden yellow colour. 

(4) In certain reactions, hydros^en peroxide appears to behave as a 
reducing agent 

On addition of hydrogen peroxide 1o a potassium permanganate 
solution acidified with dilute sulphuric acid the latter is rapidly 
’ educed to manganous salt. The pink coloured solution becomes 
colourless and oxygen evohes as one of the products. Here, 
KMnO^ IS changed into MnSO^. i e. the htptavalent manganese 
» has been converted to bivalent manganese (Mn*^®) So, it is 
an example of reduction. 

2 KMn 04 -+ 3H^S0* + 5H,0„=-K5,S0,+?MnS0»+Rnc0-l-50js. 

Potassium dichr nate (orange in coIouj) m acid solution is 
reduced to a green solution due to the formation of chromic salt. 
In this reduction, hexavalent chromium is reduced to its 

irivalent state (rr^®). 

K,Cr 0^+4H SO,4-3H K SO^ t-Cr,(SO*^s 4 711*0+30. 

Hydrogen peroxide i educes lead dioxide into lead monoxide, 
silver oxide into metallic silver, ozone to oxygen, chlorine to 
hydrochloric acid. 

PbO,H H.0*-=Pb0 + H*0^-0* ; Ap_0+H.0*=2Ag+H.0+0. 
0,+H„0. -O.+HgO ^ O, ; Cl, 4 H^0^-2HCl+0. 

Sodium hypobromite and bleaching powder solutions are 
reduced by hydrogen peroxide with evolution of oxygen. 

NaOBr+H^O. -NaBr+H.O+O, 
CafOCl)Cl+H,0^=CaCl. +-H.0+0. 

It IS to be noted that only strong oxidising agents such as 
KMnO^, K.Cr.O^ etc are reduced by hydiogen peroxide and 
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in all the above reactions, gaseous oxygen is evolved as one of the 
products. 

Here, hydrogen peroKide which a:«parently acts au a reducing agent is not 
oxidised. Ita;tiiaiiy loses one atom of oxygeo an.1 is reduced to water. Tbe 
liberated oxygen combines with liu atom of oxygen from another leactant to 
form a molecule of oxygen. 

However, in the light of change of oxidation number, hydrogen peroxide can 
he Shown to behave as nn oxidising agent as well as a reducing agent. The oxida- 
tion numbers of oxygen in hydroren peroxide, water and elementary state are —1, 
—2 and 0 (zero) respectively. Thus when HaOa i> co iverted to H 2 O. the oxidation 
number of oxygen decreases from - 1 to - 2. So, it can act as an oxidising agent ; 
,when the peroxide is converted 10 oxygen, the oxidation iiumder of oxygen 
increases (from indicating it^ behavior as » reducing ag^nt. 

(5) Hydrogen peroxide is capable of forining addition compounds : 
It forms addition products with some salts. Thus, with potassium 
fluoride and ammonium sulphate, it gives KF, M..O 3 and 
(NH 4 )b SO 4 , HgO^. With urea, the crystalline addition compound 
!CO(NHo)i; HnOj I.'riown as hyperol is obtained. In these com- 
pounds, hydrogen per xide behaves like waUr of crystalhsation. 

Experiments to illustrate the important properties of hydrogen 
peroxide : 

(1) It is an unstable compound and decomposcii tasily to give 

oxygen. A little hydrogen per "'xidc is tak.n in a le^t and a 

pinch of manganese dioxide i^dded to it. A ^apid evolf.ui')n of a 
colourless f*ds tikes pi, 3 ce. A gk’wing chip of is ii^mediatcly 
rekindled in the gai and the gas is absorbed by alk dine potassium 
pyrogdllate soluti on. These prove that the gas evolvcxj is oxygen and 
manginese diaxide cataly es the decomposition of hydrogen 
peroxide. 2H ^ O ^-->211 -f- O 3 

(2) Hydrogen peroxide possesses strong oxidising properties : 

(a) A piece of lead acetate pi^per is blackened by hydrogen sulphide 
due to the formation of lead sulphide (black). Wbeu thi^^ piece of 
paper is treated with a solution of hydrogen peroxide, the black 
colour disappears. This change of colour is due to the fact that 
hydrogen peroxide oxidises black lead sulphide to white lead 
sulphate. PbSH- 4 T., 0 .-=PbS 04 -f 4H,,0 

The colour of the olvl oil-p-tinthigs which hav.^ been blackened due <0 long 
exposure fo se restored by wasbnp witn hydrogen oeroxid*'. The white lead 
pigment of t «c paint is g ad'iaUy converted into black lead bulrjhiJc by the action of 
hydrogen sulphide present m the aiiaosphere. Hydrogen peroxide icnioves the 
black colout by oxidation. 

(b) A solution of potassium iodide is taken iri a test tube and 
acidified with dil. hydrs . chloric acid. On adding hydrogen peroxide 
to the acidified iodide solution, iodine is sec free ar f the solution 
appears brown. This liberated iodine turns starch paper blue. 

Tests : (1) Hydrogen peroxide turns acidified starch-potassium 
iodide paper blue. (Here, hydrogen peroxide liberates iodine from 
KI in acid solution and the liberated iodine forms a blue compound 
with starch). (2) A piece of paper soaked in lead acetate solution is 
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Slackened by hydrogen siiiphide. This black paper when treated 
with hydrogen peroxide sohilion turns while. (3) When a solution 
of potassium dichromate acidified with dilute sulphuric acid is 
added to hydrogen peroxide and shaken with ether, the ethereal 
layer becomes deep blue in colour. (4) It readily decolourises the 
pink colour of pv'>t.xssiiim permanganate solution acidified with dil. 
sulphuric acid (5) Hydrogen peroxide when added to a solution 
of titanium dioxide in dilute sulphuric acid, an orange yellow 
colour develops. 

Strength of hydrogen peroxide solution : It is customary to state 
the strength of hydrogen peroxide solution in terms of volume and 
it is sold as of 10 vol, 20 vol, 30 vol etc. strength. 

The strength in volume actually means the volume in cc, of 
ox 3 'gen evolved at N.T.P. wh<en a unit volume hydrogen peroxide 
solution is decomoosed by heat or by contact with a catalyst. Thus, 
20 volume hydrogen peroxide signifies that a uiven volume of this 
solution will give 20 limes Ps volume of oxygen at N.T.P. when 
decomposed or ^ cc of hydrogc peroxide of 20 volume strength on 
heating will produce 20cc. of oxygen under normal conditions of 
temperature and pressure ; Obviously at N T.P,, if volume of a 
sample ofhvdrogen peroxide solurion liberates a* times its volume 
of oxygen, the strength of the solution is x: V. 

We know, 

tV.l 22400 c c. at NT P. (According to 

Avogadro's hypothe^'.isi 

/• AtN,T.P*68gms of hydiogen peroxide liberate 22400 cc. 

of oxygen 

1 gm liberates oi 

329 4 cc. of oxygen 

i.e. 100 cc. of i'"o solution of hydrogen peroxide liberate 329'4cc, 

of oxygen. 

or, I cc. of 1 solution 'T hydrogen peroxide liberate 3*294 cc. 

or oxygen 

/. 1 % solution of hydrogen peroxide is of 3*294 volume strength 
Hence, I volume of hydrogcr* peroxide is strength 

10 

or, lO volume ,, ,, j » of ^ „ ,, 

A sample of hydrogen p* i oxide of V volume strength is of 
V 

3*294 strength. 

Now, equivalent weight of lI„02~-V-= ^7. 

A (N) HaOa solution contains 17 gms of HgOa per litre. 

Icc. of (N) HgOg solution contains 0 017 gm of HaOg 
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Now, 68 gms of HiO, on decomposition yield 22400 c.c. of 
oxygen at N.TP. 

0 017 gm of HgO, on decomposition yields or 

5'6 c.c. of oxygen of N.T.F. 
.'. 1 (N) HaOj solution is of 5 ‘6 volume strength. 

Some problems on the strength of HaO, : 

(1) Find out the strength in gms per litre and also the percen- 
tage strength of a “5 volume” hydrogen peroxide solution. 

According to the reaction 
2HaOa=2HaO + Oa 
68 22 4 litres (at N.T.P.) 

.-. 68 gms of HjO* s22-4 litres Oxygen (at N.T.P.) 

Now according to the definition, 

5 ml O, are obtained from 1 ml of 5 volume HaOj 
22-4 litres of Oa „ 4 48 litres „ 

68 

/. 1 litre of 5 volume H^Oo contains or 

15*2 gms H.^03 approx} 
Again, 1000 ml contains 15 2 gms of HyOa 
100 „ „ 1*52 „ „ „ 

5 volume HgOa solution corresponds to 1*52'V. solution by 
weight. 

(2) Calculate the volume strength of 3*4 solutiou of H^O. 
According to the question, 

100 ml of 3 4 '\, solution contains 3*4 gms of HyOg 
/. 1 „ „ 0*034 gm „ „ 

Again, 2H.03-'>2H^0 f O. 

68 22 4 litres (at N.T.P ) 

Vol. of oxygen to be produced at N.T.P. from 0 034 gm 
ofH^O^ 

_2J400xCW . ,ri. 

68 

1 ml of HgOg solution gives 1 1*2 ml of at N.T.P. 

Hence, the volume strength of H3O3 solution is “IM volumes'^ 
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OZONE 


Mol. formula Og Mol. wt. 48 Density 24 (H=l) 


In 1840, SchoobkMO proved the existence of a new gas by passing an electric 
discharge through air. He gave the name ozone (from ihe Greek, Ozo, to smell) 
to the new gas due to its pe. uliar 6»hy smell. 

Preparation : Laboratory method : Usually ozonised oxygen i.e. 
ozone admixed with oxygen is best prepared by the passage of silent 
electric discharge through pure and dry oxygen (or air). Oxygen is 
partially converted into ozone. 

30 a ;?^203 -68,000 cals. 

This conversion is strongly endothermic. Two types of appara- 
tus commonly used in the laboratory for the preparation of ozone* 
arc (a) Siemen’s ozoniser and (b) Brodie's ozoniser. 

Preparation of ozone in Siemen^s Ozoniser : 

Siemen's ozoniser or apparatus consists of two coaxial glass- 
tubes fused with each other at one end. The outside of the outer 
tube and the inside of the inner one are coated with tin foils. The* 
outer wider tube has tw'o side tubes, one of which is meant for 





Fig. 2(27) Siemen'ji ozoniser 

entry of oxygen and the other serves as an outlet for ozonized 
oxygen. The tin foils are now connected with the two terminals ot 
an induction coil and a i low stream of pure and dry oxygen is 
passed through the armnla.- space between the concentric tubes. 
Under the influence of silent electric discharge which passes between 
the tin foils separated by glass of the tubes, oxygen is partially 
converted into ozone and the gas coming out of the apparatus is 
a mixture of ozone and oxygen. This mixture under ordinary 
condition contains 7-10‘x; of ozone. If air is used instead of 
oxygen* the conversion is 1%. 

Preparation of ozone in Brodie's Ozoniser : 

Two concentric glass tubes constitute the main part of BrodieV 
ozoniser or apparatus. A narrow glass tube closed at the bottom is 
introduced into the wider limb of a U-shaped glass tube and the 
two are fused at the open ends. Thus, an annular space is left 
between the outer and the inner tubes. The inner tube is filled wilb 
dilute sulphuric acid into which is dipped a piece of platinum wire.. 
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The outer tube i.e. the wide-lirab of the U-tube is provided with a 
side tube through which oxygen enters into the 
apparatus. Comparatively narrow limb of the 
U-tube serves as an outlet for escape of ozoni- 
sed oxygen. The whole apparatus is then kept 
immersed in a glass jar containing dil. sul- 
phuric acid. A piece of platinum wire is also 
dipped into this acid solution. 

Two platinum wires are now connected 
with the terminals of an induction coil and a 
slow current of pure and dry oxygen (or air) is 
passed through the s^:le tube. The oxygen in 
the annular space between the two concentric 
tubes is thus subjected to a silent electric dis- 
' harge and is pjrrially converted into ozone. 
The issuing gas contains about 20% of ozone. 

Preparation of pure ozone : Ozonised oxygen, 
whei* cooled in liquid air, condenses to a deep 
blue hquid which is a solution of ozone in 
liquid oxygen. This blue liquid is subjected to 
^Vacti »nal d stiHation. Liquid oxygen evaporates 
(fist and 1 ^ rem wed wdh the help of a pump. 
Les.s volatile liquid ozone is left behind. On 
carefol vapoiization of the liquid sr>z(yie. deep 
blue pure gas^.oas ozone is obtained. Ozone 
da as prepared soon begins decompose. This 
process of purification must be done with 
extreme care as Che liquid ozone is a higaly explosive substance. 

N.B, (1) The conversion of oxv<T';a iafoo7,ine is a reversible, hiRhly endotherri'C 
reaction. So, aexardin^ to Le C^arclher's principle, the yield of ozone should 
increase with rising te nptrature. But in pt^cticc, ozone is ne\er prepars^l by 
subjecting oxygen to a hj‘>h temperature. Ozo .e tends to decon.pose mto oxvi.. 
even at ordinary temperature; the dccomposuion will proceed rapidly af high 
temperatures. Wiih a vie.v to preventing Us decomposition, ozone must be quickly 
cooled after its formation at hiijh temperature. 

(2) Ozone is prepared by passing sileni electric discharge through oxygen. In 
the case of an ordinary elec.r'c discharge, much heat is generated. So, this is cot 
permissible as tae heat prodaoed will decompose mo^f of the ozone as soon as it is 
formed. By inserting an inslilatfj’g T^aterial such as gL';s in the space between the 
electrodes through which the discharge pav.t:*', we g‘^t silent electric discharge 
producing much less heat. As a result, the dcco in position of ozone is minimised. 

Properties — Physical : M . Ozone is a deep blue gas with a 
disgusting fishy smell, (2) It can be condensed to a dark blue liquid. 
Liquid ozorie (b.p — 1 12''C) is an explosive and magnetic substance. 
(3) It is slightly soluble in water but more soluble than oxygen. It 
dissolves in organic solvents like acetic acid, carbon tetra chloride 
etc, giving a deep blue solution. It is readily absorbed by oil of 
terpentine. (4) It is heavier than air or oxygen. 

Chemical: (1) Ozone is not a very stable compound. Ozone tends to 
decompose into oxygen spontaneously at the ordinary temperature ; 



Fig 2(2S) Brodie’a 
ozouiser 
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but the rate of decomposition is slow. The decomposition is rapid 
at a higher temperature. (200‘'C) and in contact with dust parti- 
cles, organic substances, finely divided platinum black, silver oxide, 
manganese dioxide, lead oxide, iron oxide, powdered glass etc. At 
300'C, ozone is completely converted into oxygen. 203^=^302 

(2) Ozone is much more active than oxygen and is a powerful 
oxidising agent, it supports combustion of many substances. Its 
vigorous oxidising action is due to the nascent oxygen which readily 
comes out of its molecule. 03->02-i-0 

Mo'^t metals excepting gold and platinum are oxidised to their 
oxides by ozone. When ozone acts on warm metallic silver, a brown 
layer of oxide is formed on the surface of the metal. 

2 Ag +03 = Ag^O-}- Go. 

Mercury loses its mobility and metallic lustre in contact with 
ozone at the ordinary temperature. Ozone also causes mercurry to 
adhere to the surface of the glass. This is presumably due to partial 
..xidation of mercury to mercurous oxide. 2Hg-|-Oo — HggO+Oa 
^'zonc destroys the elasticity of rubber. 

< * :>ne oxidises lead sulphide (black) to lead sulohate (white), 
sodrim nitrite to sodium nitrate, acidified terrous sulphate to ferric 
sulpnutc. Moist sulphur, phosphorus and iodine are oxidised to 
their higher oxyacids by ozone while moist aiiimonia is converted 
i!\to immoimim nitrite and ammonium nltraie. 

?hS-f 4O3 PbSO, +4 0.> ; NaN0.. + 03-NaN0,+0« 
2FeSO,4-H SO, -l-0„-Fe.(Sr3 

S-l + 

l, + hJ) i-50,- 2HiO,+50„ ; 2P-| 3H,OF.30,- 2H,P0,+202 

iodfc tcid 

O also oxidises hydrochloric acid (or bydrobromic or 
iiydro'oujc acid) to chlcrice (or bromine or iodine; and hydrogen 
sulphide to sulphuric acid. It liberates iodine trem acidified or 
neiitrc,! solution of p> tas^iura iodide. 

2HX^O,^ X« fH.0-l-0,iX=-( !, Br, !) 

H.S-i 40.,-H2S0,-f402 
2Kl-4-2Ha-bO^- l2-l-2KCH-H„0i-0, 

2K [ f H,0-h0, - 1 ,,+2KOH f (>.. 

In ah the above oxidation reactions, ozone itself is reduced to 
oxygen. In a few reactions, the ozone molecule as a whole takes 
part in oxidation. Thus, ozone oxidi ses sulplui: dioxide to sulphur 
trioxide and stannous culoride i^acidified with hydr,?chioric acid) to 
stannic chloride. 

3SO +O3-3SO3 ; 3SnC. i ^HCM-O.-SSnCl.+SHgO 
N‘j evolution of oxygen occurs in the above oxidation processes^ 
(3) In certain cases, ozone appears to act as a reducing agents 
Ozone reduces hydrogen peroxide to water withdrawing one atom 
of oxygen from the peroxide. 

H202+03=H20+202 
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Similarly, barium peroxide and silver oxide are reduced by ozone to 
barium oxide and metallic silver respectively. 

Ba0,-f0s = Ba0-H20, ; Aga0+0s=2Ag+20a 

However, ozone has no action on potassium permanganate or 
dichromate. 

In the true sense, ozone should not be regarded as a reducing agent. Ozone 
while exhibiting its so called reducing properties is not oxidised but reduced to 
oxygen. 

According to the electronic theory of oxidation-reduction ozone, here acts 
as an electron acceptor and hence is an oxidising a^ent. 1 bese redox reactions 
in the light of electronic concept are as follows. 

H2O2 — >2H+ + 02 + Zc* (H2O2 is the eletron donsr) 

O3 +2H++2e~->-02+H20 Oa „ „ .r acceptor) 

H 2 O 1 +■ 03“^'202 + H 2 O 

Ba++02-- >-0i+Ba+ ++2c“ 

O3 +■ 2 c'" vOa " 1 * O*" — 

Ba03 + O3 ►ZOa + UaO 

(4) It possesses bleaching properties. Ozone bleaches vegetable 
'Colours by oxidation. Indigo is bleached colourless in contact with 
ozone. 

(5) Power of forming addition compounds is a remarkable pro* 
perty of ozone When ozone reacts with an unsaturated organic 
compound, an addition product known as ozonide is formed. 
Ethylene, benzene etc. thus form their respective ozonides. 

C,H,+03 = C«H,03 ; C3H3-h30, = C,H,(O,)9 

Ethyiene Ethylene ozonide Benzene Benzene ogonide. 

These ozonides when treated with water undergo hydrolysis 
giving hydrogen peroxide in most of the cases and other products 
which help in determining the constitution of the unsaturated com- 
pounds. 

Uses : (1) Due to its disinfecting action, it is used in steriliza- 
tion of water. It is also used in purification of air especially in 
underground railways, crowded halls, hospital chambers, animal 
houses. 

(2) In the chemical laboratories, it is used in oxidising and 
elucidating the constitutions of organic compounds. 

(3) It also finds its application as a bleaching agent for oils, 
ivaxes, flour etc. 

Tests : (1) Ozone can be recognised from its strong fishy smell. 

(2) *Paper wetted with potassium iodide and starch solution is 
coloured blue in contact with ozone. Ozone liberates iodine from 
potassium iodide and the liberated iodine reacts with starch produc- 
ing a blue colour. 2 KI-hHa 0 -h 03 = la+2K0H-|-0a 

Starch -h 1 3 ->-a blue compound. 

(3) Paper soaked in alcoholic benzidine solution is turned brown 
by ozone. (4) A little mercury is taken in a flask containing ozonised 
oxygen and shaken ; mercury loses its mobility and sticks to the 
glass. Moreover, the metal becomes dull in appearance. However, 
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on being shaken with water, mercury regains its fluidity and shin- 
ing appearance. (S) When ozone and silver interact, a brown 
layer of silver oxide is formed on the surface of the metal. This 
reaction is sometimes applied in identification of ozone. 

2 Ag 4* O 8 = Ag a O 4- O , 

*This test is not specific for detection of ozone as HgOg. Clg, 
NOa etc. also respond to this test. 

Oxygen and ozone are the allotropes of the same element : This is 
proved by the fact that each can be converted into the other without 
change of mass. Oxygen, when subjected to silent electric discharge, 
is changed to ozone, which, on the other hand, decomposes into 
oxygen on heating. 

Silent electric discharge 
Heated 

Pure and dry oxygen taken in a suitable apparatus is exposed 
to the action of silent electric discharge. Then, a piece of paper 
soaked in starch potassium iodide solution is held in the evolved 
gas. The paper tarns blue indicating that the oxygen has been’' 
converted into ozone. This gaseous ozone on being heated to SOO'^C 
is completely decomposed into oxygen. A piece of starch potassium 
iodide paper is not coloured blue by the gas. This gas is absorbed 
by alkaline potassium pyrogallate solution and the resulting solution 
becomes brown in colour. This serves as a distinctive test for 
oxygen. Thus, it can be inferred that oxygen and ozone are the 
allotropevS of the same element. The difference between them is one 
of molecular complexity, oxygen having a diatomic molecule 
and ozone a triatomic molecule, O 3 . 

Comparison of the properties of oxygen and ozone : 


Oxygen 

Colourless, odourless gas. 

Density 16(H=-1) 

Insoluble in oil of terpentine. 

Heat has no action. 

No effect on mercury at room 
temperature. 

No effect on rubber 

Has no effect on potassium 
iodide solution. 

Cannot oxidise black lead 
sulphide. 


Ozone 


Pale blue gas with fishy odour. 

I Density 24 (H=l) 

Absorbed by terpentine. 

Heat converts ozone into 
oxygen 208-^308 
Mercury in contact with ozone 
loses its mobility and wets glass. 

Attacks rubber 

Liberates iodine from pota- 
ssium iodide solution. , 
03-l-2Kl4-H80-0,4-2K0H4-l3. 

Ozone oxidises black lead 
sulphide to white lead sulphate. 

PbS4-4O3=PbSO44-408 
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Compiirisoo of the properties of ozone and hydrogen peroxide : 


Property 

Physical 

properties 


Solubility j 


Stability 


Reaction with 
litmus soln. 

Action on me- 
tals 


Oxidising pro- 
perty 


Reducing pro. 
perty 


Bleaching pro- 
perty 

Reaction with 
KMnO^ soln. 
acidified with 
dil H 2 SO 4 
Kl Soln-f 
FeS 04 Soln/ 


Ozone 

Blue gas with a fishy 
smell, it is the allotropic 
modification of oxygen. 

Slightly soluble in water, 
highly soluble in terpen- 
tine Oil, carbon tetra 
chloride. 

Not very stable, slo vly 
decomposes evol vingo xy- 
gen at ordinary temp. 
Dccompositionis accele- 
rated by heat, by contact 
with rough surfaces, dust 
particles, manganese di- 
oxide,plat:nuni blacketc. 
20 ,^ 30 , 

Does Tio? ciiangc the 
colour of the indicator, 
(neutru]'. 

Causes mercurv to lose 
its mobility and shining 
appearance 

When slightly heated, 
silver is blackened 

Possesses powerful oxidis- 
ing properties, liberates 
iodine from potassium 
iodide solutio^i. 

Acts as a reducing agent 
in certain reaciions 
H,0,H-03-H,0+20, 
Ba02“*“0c} ~Bd0-|-20o 
Bleaches indigo by oxida- 
tion. 

No reaction. 


Does not liberate iodine 


Hydrogen peroxide. 

Pale blue syrupy liquid 
having an odour re- 
sembling that of nitric 
acid. It is a peroxide. 

Readily soluble in water 
and organic solvents 
like ether, acetic acid 
etc. 

Hydrogen peroxide has 
the tendency to decom- 
pose into oxygen and 
water even at ordinary 
temp. Speed of decom- 
position is enhanced by 
heat, by contact with 
rough surfaces, dust par- 
ticles, man ganese dioxide* 
i powdered platinum etc. 

Feebly acidic, when 
pure, li turns blue lit- 
mus red. 

No action on mercury. 

\ 

No change. 

1 

I Powerful (ixdising ag- 
j ent. oxidises potassium 
j iodide to iodine. 

I 

I Exhibits reducing pro- 
} perry in certain reactions 

I Ag.D fIIs02==2Ag 

Bleaches wool, silk, fea- 
ther etc. by oxidation. 

Pink colour of the solu- 
tion is discharged. 


liberates iodine. 






OXYGEN & HYDROGEN 


65 


Property 

Ozone 

Hydrogen peroxide. 

K.CrO* Soln. 
»-dilH,SO* + 
ether 

No reaction i 

1 

Ether -layer turns deep 
blue. 

Titanium di- 

oxide+dil. 

H,SO* 

No reaction 

Orange yellow colour 

1 develops. 

Paper soaked 
in manganous 
chloride soln. 

Paper turns brown 

I 

} 

No change of colour. 

Paper soaked 
in alcoholic 
soln. of benzi- 
dine 

Paper turns brown - 

1 

1 

1 

No chanf^e of colour. 

Fornialion of 
addiiion com- 
pot fids 

Forms addition products | 
with unsaturated com- ; 
pounds j 

1 C,H,-|-0,=CeH,0, ! 

Forms addition ^ com- 
pounds withbothinorga- 
iiicand organic substances. 
KF. H,0, ; CO{NH,), 


j 


11—5 




CHAPTER 2 

AIR AND NITROGEN 

The atinosDbere is the gaseous mixture which envelops the earth and in which 
we live. It is commonly called the *aii\ The ancient philosophers used the term *air* 
In (he sense we use the word *gas* and regarded it as an element. Mayow (1674) 
was prob ibly the first to put forward reliable evidence for the composite nature 
of air. He showed that (he votuTje of the air is diminished due to breathing of 
a mouse confined in a bell.jar over water He arrived at the same result by 
burning combustible substances under similar conditions. It was also observed 
that the residue of gas left after these experiments did not support combustion 
and was unsuitable for breathing. The presence of carbon dioxide in the air was 
established by Black (1755) who called if fixed air. However, Lavoisier proved 
coQclusivaly that air was a mixture of gases and not an element. 

Constituents of air. 

Lavoisier^s famous experiments on the composition of lair : 

In 1775, Lavoisier proved experimentally that air consisted of 
two gases, an active gas and an inert gas. He also determined the 
ratio between these two gases by volume in air. 

Lavoisier’s experiment with mercury ; 

Lavoisier took a weighed quantity of pure mercury r4 ounces) in 
a glass retort, the long neck of which was in communication with 
a measured volume of air in a graduated bell jar kept inverted over 
mercury. At first, the surface of mercury inside and outside the jar 
was in the same level and the volume of air inside the bell jar was 
noted. The retort was then heated in a furnace at a ^mperature 
near the boding point of mercury. During heating, red scales were 


MLKCl ;-!V 




Fig 2(29) Lavoisier^ rxperiment Fig 2(30) Lavoisier's reverse 

with niercurv experiment 

formed and found fl oating on the surface of mercury. The level of 
mercury gradual! began to rise up in the jar indicating the 
diminution in volume of air inside. When, after 12 days, no more 
red scales appeared to be forming and the mercury level seemed to 
be steady, Lavoisier stopped heating. The unchanged residual 
volume of the air was measured when cold and was found to occupy 
about four-fifths of the air originally taken, i.e. nearly one-fifth of 
the vol. of air was absorbed by heated mercury. 

The flame of a burning candle was extinguished when introduced 
in the residual air in the jar. Moreover, a mouse died of suffocation 
when placed in the gas. Lavoisier realised that the residual air did 



AIR AND NITROOEN 


67 


not support combustion or respiration. He called the gas 'azote' 
iwhich was afterwards given the name nitrogen. 

Lavoisier's experiment with the red scale : 

Subsequently, Lavoisier performed the reverse experiment. 

He carefully collected the solid red scales formed in the previous 
experiment and took them in a retort having a drawn-out long bent 
delivery tube. The free end of the delivery tube was put under 
mercury and a graduated gas jar filled with the same metal was 
inverted over it. On strongly heating the scales, a colourless gas was 
evolved which was collected by the displacement of mercury. The 
residue left in the retort was metallic mercury. The volume of the 
gas liberated was found to be exactly equal to the diminution in 
volume of the air in the bell jar. Thus, the volume of air absorbed 
by mercury in the first experiment was equal to the volume of air 
given off in the second experiment. A burning candle continued to 
burn more energetically in the gas. The gas was also found to 
support respiration of a mouse placed in it. 

This gas was first called ‘vital air’ and afterwards oxygen by 
Lavoisier. It occupies one fifth of the air by volume. When this 
oxygen was mixed with the residual air (i e. nitrogen) in the bell jar, 
there was no thermal change and a gas indistinguishable from 
ordina?y air was produced 

From these two experiments, Lavoisier came to the following 
conclusions : 

(1) Air is a mixture of two gases of different nature. One of the 
gases is oxygen and the other nitrogen (azote). Oxygen is very 
reactive but non inflammable. Oxygen of the air supports combus- 
tion and respiration and combines with metals during calcination. 
Nitrogen, on the other hand, is conaparatively inert and is not a 
supporter of combustion or respiration. 

(2) Air contains xy gen and nitrogen approximately in the ratio 
of 1 : 4 by volume. 

Why did Lavoisier, out of all 
substances, select mercury as the 
starting material in his famous 
Bell-jar experiment ? 

During bis experiments on combustion 
in 1772, Lavoisier observed that ihc metal 
when calcined increased in weight and an 
equal volume of air was absorbed. 

Moreover, in a given volume^ r.f air, 
calcination proceeded only to a fixet bmit 
and an unabsor^ed residual gas remained. 

In August 1774, Priestley heated some 
calx of mercury (i.e. the substance left 
when mercury is burnt) in a small dish 
floating on mercury under a bell-jar, by 
niean.s of the sun rays concentrated by a 
tense'. He ob ained a new gas with very 
striking properties. The gas allowed a 
candle to burn in it vigorously. 



Fig. 2 ( 30 A) Priestley's expcHmeiit. 
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In October 1774, Priestley met Lavoisier and described to him this wo&derfol 
and how he had obtained it. Lavoisier at once gra«p^ the significance of 
Priestley s discovery and realised that calx of mercury was formed with an Increase 
tn weight by heitmg mercurv m air Wnh a view to showing that the new gas 
was the part of the air absorbed when metals were calcined. Lavoisier devised his 
best known Bel|>jar experiment and selected mercury as the starting material. 

The volumetric composition of air can also be determined by 
the following method. 

Bun^g of phosphorus in a b ell-jar : A small porcelain crucible 
containing a piece of yellow phosphorus^ is allowed to float on 
water in a glass vessel. A bell-jar fitted with a stopper is placed 
over the crucible. The surface of water inside and outside 
the bell-jar should remain in the same level. The bcll-jar above 
the water-level is graduated into five equal portions. The phos- 
phorus is then ignited with the help of a hot long iron needle and 
the stopper is quickly inserted. The phos- 
phorus burns with a bright yellow flame 
giving off dense white fumes. After a time, 
t'ue phosphorus no longer burns. The water 
level inside the bell-jar is found to rise up 
gradually and when the jar is cold, the 
water-level stands at the mark wliich indi- 
cates one-fifth of the volume of air. The 
remaining four-fifths are filled with the 
residual gas which does not support com- 
bustion of phosphorus. H a lighted tapei 
IS introduced into it, the taper is extingui- 
*:hed. Therefore, the residual gas is nitrt)- 
geii. from this experiment, it is proved 
that oxygen constitutes about one-fifth of 
the air by volume and nitrogen about four- 
fiftfas. This method may al^'O be used for 
the preparation of nitrogen from air. 



Fig 2(31) Bumiog of 
phosphorus in a bell- jar 


During combustion, phosphorus combines with the oxygen of 
the air forming phosphorus pentoxide which reacts with water to 
give soluble phosphoric Thus, tie oxygen of the air is 

removed. 

Ail 

4P-f50,=-2I\0. : P 06+3n20=2H,P0,. 


The average proportion of the constituents of air 

Air is chiefly a mixtuic of oxygen and nitrogen. Besides 
these two gases, air contajus water vajpour*^ carbon dioxide and the 
Inert gases hcliuMTUron, argonTlkr^ton, xenon etc. in “veiy small 
quSfttftteJT' TEe average composillOir 6f air is given below : 
Nitrogen 77i6% by volume 

Oxygen 20*60% „ „ 

Carbon dioxide 1*40% „ „ 

Water vapour 0*04% „ „ 

Inert gases 0 80% ,, „ 
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As air is a mixture, its composition varies to a small extent from 
place to place and from time to time. Minute traces of ozone, 
ammonia, vapours of nitrous and nitric acids, sulphur dioxide, 
hydrogen sulphide are found present in air. 

Detection, function and constancy of the constituents of air : 

Oxygen ; (a) when a jar of nitric oxide (a colourless gas) is 
exposed to air, reddish brown fumes of nitrogen dioxide are 
produced due to the reaction of nitric oxide with oxygen. 

2N0+02=2N0,. 

(b) When mercury is heated near its boiling point in air for a 
long time, mercury absorbs oxygen and red scales of mercuric oxide 
are obtained The red scales on being strongly heated decompose 
into the liquid mercury ar»d a colourless gas which responds to the 
characteristic tests of oxygen. 

2Hg+0, (from air)-2HgO ; 2Hg0=2Hg+0. 

The above experiments prove that air contains oxygen. 

Function ; Oxygen is absolutely necessary for ail living creatures 
for their respiration. During breathing, oxygen enters into the lungs 
and slowly oxidises the various complex organic substances inside 
the body vsdth the simultaneous liberation of heat. Heat thus 
evolved provides energy and maintains the warmth of the body. 

Moreover, ox vgen brings about oxidation of many substances on 
the earth and is absolutely essential for all types of combustion. 

Constancy : We know that respiration is a combination of two 
processes—inhalatioo of oxygen and exhalation of carbon dioxide. 
Human beings and other animals inhale atmospheric oxygen which 
oxidi'CS the t isues of body producing carbon dioxide. The carbon 
dioxide thus formed is exhaled. Besides respiration, oxygen of the 
air is consumed during the combustion of fuels such as coal, wood 
etc and other substances with iiberation of carbon dioxide in the air. 
If these proc.isses of res: iration and c.^mbustion go on continually, 
the amount of oxygen in the air should decrease and that of carbon 
dioxide increase to a large extent. Bat the oxygen content of the 
air is practically constant. This ^ due to a cyclic process occurring 
in nature called oxygen- cirbondL.>xide cycle. 

The green plants take up carbon dioxide from the air and 
convert it to their food materials by the process known as photo- 
synthesis with the simultaneous release of oxygen in the air. The 
consumption of atmospheric oxygen by respiration and combustion 
and liberation of oxyge«i into the almospnere by the way of photo- 
synthesis occur in the nature in s ' a way that the proportion of 
oxygen in the air is maintained constant. 

Oxygen 

I 

Plants Animals 

t I 

Carbon dioxide 


70 


INORGANIC CHEMISTRY 


Nitrogen : The residual gas Jeft after the removal of oxygen of 
the air by heated mercury (Lavoisier's cxpt) or combustion of phos* 
phorus in the bell-jar is nitrogen (together with the inert gases). 
The gas does not support combustion. If a lighted taper is plunged 
into it, the taper is extinguished. Moreover, the gas is completely 
absorbed by strongly heated magnesium. These experiments 
prove that the air contains nitrogen. 

Function : The most important function of nitrogen of the air 
is to dilute oxygen. If there were no nitrogen, oxidation and 
combustion would take place very rapidly. Nitrogen moderates 
the processes of oxidation, combustion and respiration by reducing 
the intense activity of oxygen. Nitriegea of the air is indirectly 
utilised in building the complex nitrogenous compounds known as 
proteins which are absolutely necessary for plant and animal lives. 

Constancy : The proportion of nitrogen in the air is practically 
fixed. Detailed discussion about the constant proportion has 
been given later. 

Water vapour : (a) A few pieces of ice are taken in a glass 

beaker outside of which is completely dry. After some time, 
minute drops of a liquid are found to appear at the outer surface 
of the beaker. This liquid is nothing but water as it turns white 
anhydrous copper sulphate blue. The water vapour present in the 
air condenses in contact with the cold surface of the beaker and 
appears as droplets of water. 

(b) The presence of water-vapour in the air may also be 
demonstrated by exposing some anhydrous calcium chloride on a 
watch glass to the air. The substance on the watch gl^ss soon be- 
comes moist owing to the absorption of water vapour ol* th^ atmos- 
phere and ultimately a solution of the compound is obtained after a 
day or two. If the solution is distilled, the coioiifless liquid 
obtained may be proved to be water by the usual tests mentioned 
earlier. These experiments prove the presence of water vapour in 
the atmosphere. 

Functions : Water vapour in the atmosphere serves the function 
of controlling the evaporation ofwateffromthe surface of the earth. 
It condenses to clouds at the upper atmosphere and the condensed 
water ultimately descends to the earth as rains \^'h\ch are essential 
for the plant and animal lives. 

Constancy : About f ths of the surface materials of the earth 
consist of water. Under the influence of the sunrays, water on the 
crust of the earth evaporates to form water vapour in the air. This 
water vapour, on the other hand, condenses into clouds in the 
cooler upper region of the atmosphere and returns to the earth in 
the form of rains, snow etc. The processes of evaporation and 
condedsation occur in the nature in such a way that the reservoirs^ 
of water do not become completely dry and the amount of water 
vapour in the air varies within a reasonable limit. 
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Carboa dioxide : The presence of carbon dioxide in the air may 
be shown by a simple experiment. A little lime water is taken in a 
shallow dish and is exposed to the air. After some time, the clear 
lime water is covered with a white crust and will gradually go 
turbid d le to the absorption of carbon dioxide of the air and 
formation of insoluble calcium carbonate. 

Ca(0H)a-fC0,=CaC034*H,0. 

Function : The green plants prepare their chief food maierials 
from the carbon dioxide of the air by the process of photosynthesis. 

The constancy in proportion of carbon dioxide in the atmos- 
phere has been explained in the chapter 4 during the discussion of 
carbon dioxide cycle. 

Air is a mechanical mixtare andtnot a chemical compound. 

The evidences in support of the fact that air is a mixture and 
not a compound are summerised below. 

( 1 ) The proportion of nitrogen and oxygen in the air by weight 
is very nearly but not entirely constant. Slight variations 'in com- 
position aie observed when samples of air from different localities 
and at different times are analysed. The composition of a com- 
pound is always fixed and definite. No compound is known to 
have a variable composition. 

(2) The elements in air are not present in simple atomic ratios 
and the composition of air corresponds to no simple chemical 
forni’iUi such as it would be expcctcvi to pc^ssess if it were a 
compound. 

(3; The density of air as determined experimentally is 14’4 
which corresponds to a mixture of nitrogen and oxygen roughly in 
the ratio of 4 : I by volume If air were a comp:nind, its formula 
as may be arrived at from its peiccnt':ge composijton would be 
N 4 O (or more accioi^tel/ and its vapour density would 

be 36 (or 137). 

(4) Ordinarily, nitrogen and oxygen are present in the air in 
the ratio of 4: 1 by volume. When air is dissolved in water and 
the solution is boiled uiit again to expel th:: dissolved air, it is 
observed that the expelled air contains greater percentage by volume 
of oxygen than undissolved air. The proportion of nitrogen and 
oxygen by volume in the dissolved air is nearly 2 : 1 as against 4 : 1 
in ordinary air. This is merely dui l > the fact that oxygen is more 
soluble in water than nitrogen. 

If air were a compound, ' v-omposition could not be altered by 
simply dissolving in water. 

(5) The char?jcte?istjc properties of nitrogen and oxygen are 
retained in the air although the chemical reactivity of oxygen is 
decreased to some extent due to the presence of inert nitrogen 
in air. 

If air were a compound of nitrogen and oxygen, it would possess 
properties entirely different from either of the two elements. 
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Vt») If nitrogen and oxygen are mixed in appropriate proportion 
as they are present in air, there is no absorption or evolution of 
neat, volume change or other evidence of chemical combination but 
the mixture resembics ordinary air in every way. If air were a 
compound, there would inevitably be a thermal change during its 
lormation from its constituent elements. 

. As air is a mixture, its constituents may be separated by 
simple physical means such as vaporization, diffusion etc. 

(a) When liquid air is allowed to evaporate, nitrogen eva- 
porates more quickly leaving almost pure oxygen. If air were a 
compound, it would evaporate unchanged in composition at a 
fixed temperature. 

(b) If air is passed through a porous tube of imglazed 
porcelam, nitrogen being lighter than oxygen diffises out more 
rapidly than oxygen. The diffused air becomes richer in nitrogen 
and the air inside the tube contains greater percentage of oxygen. 
Had air been a compound, no variation in its composition would 
be observed during diffusion. 


NITROGEN 


Symbol N. Atomic number 7 

Molecular formula Ny Eletronic configurati.‘'ni U* 25^ 

Atomic weight 14 OS Position in periodic table VB 

Nitro«er wafi dlscovcrird by Daniel Rut*i«rforcl in 1772. Tr.s clemcntarv iiatnre 
was proved by Lavoi«^*er who called it 'azote' tneaning non-supnorler of life. The 
name Ditroi',ea was given by Cliaptal in 1790 as it is present in niite. 

In the hee ate, nitrogen occurs in the air and cjnstitntes about four-fifth? 
of its volume. In the combined state, it is present la plane > and animals in the 
form ofcoivpkx proteins. More over, it is found in ammonia, nitre or potassium 
nitrate, and Chile saltpetre (NaNOi*, a mineral deposit in Chile, 

Preparation of nitrogen ; Nitrogen is prepared from the com- 
pounds containing nitrogen or from air by removal of oxygen. 

1. (A) By the action of heat on ammonium nitrite : — 

Laboratory method : Nitrogen is prepared in the laboratory by 
slightly warming a concentra'ed solution of ammonium nitrite. 
Thermal decomposition of ammnnium nitrite may take place with 
explosion. So, instead of ammonium nitrite alone, a concentrated 
solution containing cquimolecular quantites of ammonium chloride 
and sodium nitrite is heated slowly. Ammonium nitrite, initially 
formed by double decomposition of the two salts, decomposes into 
nitrogen and water. 

NaNO„+NH,Cl-NaCI+NH^NO„ ; NH,N0a-N,+2H,0. 

A concentrated solution of sodium nitrite and ammonium 
chloride (1:1) is taken in a round bottomed flask fitted with a 
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thistle funnel and a bent delivery tube. The end of the thistle 
funnel is always kept under the surface of the liquid in the flask 
and the outer end of the 
delivery tube dips under 
water in a trough. The 
solution in the flask on 
slight warming liberates 
nitrogen which c^^mes 
out through the delivery 
tube. After allowing the 
gas to escape for some 
time in the form of 
effervescence, a gdS jar 
completely filled wirii 
water is now inverted 
over the end of the deli- 
very tube. Nitrogen co- 
llects in the jar by the 
downward displacement 
of water. 

If the reaction pro- 
ceeds rapidly, the flask is 
cooled and if the cvolntr',n of gas ceases, t'le flask is gently warmed. 

Purification : Nitrogen obtained by thh method is liable to 
contain a little oxides of nitrogen, chlorine, ammonia and water 
vapour as impurities. 

The gas is first passed through ^ sekuion of caustic patash to 
absorb chloiine and then through con.\ julphuriu acid to remove 
ijMmonia and jnoistaTs. On passi^’g Use gas through d red hot tube 
containing copper turnings, the oxides of nitsogen present are 
r duced to nitrogen 2NO-i 2Cu = 2CuO f N,. 

Nitrogen, thus pnrifu J, u collected over mercuiy. 

Precautions: The Oask it to be heated slowly and carefully. Instead of 
heatiog dircctlv, it is better to peat the on a wetter bath. Tiie reaction may 

occur violcnt'y if the saiution oi animon; im nitrite is heated strongly. 6>'oarce of 
he^t should be removed a'* vioo as nuroLin begins to evolve. The flask is ')Ubjected 
io cooling it t' e reaction proceeds vigorously. 

(B) Ammonium dichromatc, on slight heating, decomposes 
producing nitroge.i. As the decomposition takes place with explosive 
violence, this i.s no? used in the preparation of nitrogen. 

(NH,}, Cr.,0; -N,-rCr..0..-h':H,0 

The reaction becomes less vjg ’ ns if a concentrated solution 
containing potassium dichromate and ammonium chloride is used. 

KoCr.,0,+2NH,Cl --N3-f-2I<:CI-bCr,0,,+4H,0. 

(C) Nitrogen from ammonia : When chlorine is passed through 
a strong ammonia solution, ammonia is oxidised to nitrogen 
Ammonia must be in large excess, otherwise nitrogen trichloride 
(NClfl), a violently explosive oily liquid, is formed. 

8 NH 3 + 3C1,-6NH*C1+N, ; NHs+3a, = Nas+3HCI 



Fig- 2(32) Preparation r>f nitrogen 
in ih»i labjrafor> . 
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Bleaching powder or heated copper oxide liberates nitrogen fromi 
ammonia. 

3Ca(OCI) Cl4*2NH3=3CaCU-f3H30+N8 

3Cu0-+-2NHs=3Cu+3H80+N*. 

(D) From oxides of nitrogen : Nitrous oxide (NaO), nitric 
oxide (NO) etc. when passed over heated metallic copper arc 
reduced to nitrogen. 

N,OH-Cu=CuO+Na ;2NO+2 Cu=2CuO+N3 

Pure nitrogen can be obtained by passing a mixture of nitric 
oxide and ammonia in right proportion over heated copper 
powder. 

4NH3 f 6NO - 5N^ + 6H,0. 

The gas is dried by cone, sulphuric acid and collected over 
mercury. 

(E) From nitric acid : Moderately strong nitric acid, on being 
treated with metallic copper, forms nitric oxide, which when passed 
over strongly heated copper yields nitrogen, 

3Cur8HN09-3Cu(N03),+2N0f4H..0 ; 2NO-f2Cu 

=-2CuO-i-N* 

Nitrogen can also be obtained from niuic acid by passing the 
vapour of the acid through a strongly heated lube containing 
copper. 

5Cu-f2HN03 - 5Cu0+H,0+Na. 

(2) (A) Nitrogen from air : Air is mainly a mixture of nitrogen 
and oxygen approximately m the prv>porM'on of 4 ; 1 by volume^ 
Nitrogen may be obtained by .simply removing oxygen from the air 
Removal of oxygen may be achieved by application of diflTerent 
methods. 

(a* Removal of oxygen from air b> means of phosphorus : 

This method has already been described in connection with 
the composition of air. It is to be noted that the complete removal 
of oxygen from air is not possible by this melhod. 

(b) Removal of oxygen from air by red-hot copper : 

A long hard glass tube containing some copper filings is placed 
horji7ontally in a furnace. 

One end of the tube is connected with an inlet tube for entry of 
oxygen and the other end is provided with a delivery tube the free 
end of which dips under water as in Fig 2(33). 

The combustion tube is then strongly heated and a slow stream 
of air freed from carbon dioxide and moisture is passed over the 
heated copper in the tube. At the high temperature, oxygen of air 
combines with copper to form black cupric oxide which remains in 
the tube and the unchanged nitrogen gas passes out through the, 
delivery tube and is collected over water. 2Cu+Oa «2CuO. 



AIR AND NITROGEN 


75 


(B) Nitrogen from liquid air : Nitrogen is obtained in industry 
by the fractional distillation of liquid air. The process of liquefa- 
ction of air and the subsequent separation of nitrogen and oxygen 
have been described earlier in connection with the preparation of 
oxygen from air. 


COPPER TURNINGS 



Fip. 2^33) Weparafion of i[>itrojjen from air. 

Ttic de’‘si<y of mtroveo froin a'r slight [y differs from 'hat of nitrogen 

preoared from ifs cooipouud^ Esr^erjOtentaJ results are b^Iow. 

Density of nitrogen obiasr.c *- Eojii air — I 2572 
anJ jt 3, ». 1 . ,, Its com-^rjundc'-' r2506 

Qesideci n tfcgeo, ox; gen, cai*\>A dioxide, W. 1 JC vapour, ai* contains some in- 
acove gase-; like bslium, arg in, U "vnton, ne in, xenon ere in minute trace*. bout 
0 by volnme). Due to ih^ir cncmical ihesc gi<ts do nor conribine 

wr'', ofhei Mibitances. So, i>btained fr.m air after removil of oxygen^ 

ca'bjudioxkte. moinure is no* from Lhese mert gases cac*’ of wliich C^xcept 
he ium) is slig'itly he'ivier nitrr.iiin. This is why the oen^dv o? l ifrogci fiom 
air IS s'ijibily greater tjdn » p.cpared in tb;: sufe fro.iMts. 

cc-'ijpojUid?'. 

Properties— Physical : i I) Nitrogeji is a colourless g is without 
any smell or taste. (?.) Tt is slightly lighter than air (vapour 
density " 14 ; H \ ) (3) Gaseous nifrogen molecule is diatomic (4) 
It i.s almost insoluble wafer. (5) On cooling under suitable 
pressure, it can be condensed t^»a liqu* ! and subsequently frozen to 
a solid vb p of liquid nit'-ouen —195 S C and freezing point of solid 
nitrogen — 209 86 C), (6) It is non-poisonoiis but docs not support 
respiration. Hence, an animal cannot live in the gas. 

Chemical; Ordinarily, nitrogen is an inei? ga?. At ordinary 
temperature, it does not react with other elements or compounds 
but its reactivity increases .a higher temperatures. * 

(1) Jt is neither combustible nor a supporter of combu.stion. 

(2) Nitrogen enters into chemcal combinitious with many 
non metals at higher temperatures. 

(a) Under high pressure (200 atm) and at a temperature of 
about SSO'C, nitrogen combines with hydrogen to produce 
ammonia. 


Na+3H2=2NHa. 
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(b) Under the influence of eiectric sparks, nitrogen and oxygen 
combine ati about 3000"C forming nitric oxide. With excess of 
oxygen, nitrogen dioxide is formed. 

N,-i-0,-2N0 ; 2NO fO, = 2NO, 

(c) At red heal, non-metals like boron, silicon etc. unite with 
nitrogen to yield the corresponding nitrides. 

2B+NaS=2BN (boron nitride); 6Si+4N,=2Si8N4 

(silicon nitride) 

(d) Nitrogen combines with heated metals like magnesium, 
calcium, aluminium to form the respective metallic nitrides which 
undergo hydrolysis on boding with water to give ammonia and the 
metallic hydroxides. 

3Mg-hN3-MgnN^ ; Mg^N, -K)H,0-3Mg(0H)„-f 2NH8 

SCa+N.-CaaN. ; Ca«N2+6H^O=3Ca(OH);+ NH » 

2AI+N2--2AIN; AIN H-3H^0 = A1(0H)8 +NH3. 

(e) Heated calcium carbide absorbs nitrogen at about II 00^’C 
forming calcium cyanamide. Carbon is also produced as a res; It of 
the reaction. 

CaCa+Na- CaCNa +C 
Calcium carbide Calcium cyanamide 

The brown mixture of calcium cyaiiamida and carbon thus 
obtained is commercially known as nitrolim. It is used as a fertilizer. 

Calcium cyanamide is hydrolysed by super heated steam to pro- 
duce ammonia and calcium carbonate. 

CaCN,+3H,0-CaC08+2NH,. 

Experiments to illustrate some of the properties of nitrogen : 

tl) Nitrogen diics not support respiration ii) A mouse is in- 
troduced into a gas-jar full of nitrogen. The mouth of the jar is 
closed by a lid, After some time, the animal dies of suffocation. 

(2) Nitrogen is not combustible and ordinarily not a supporter of 
combustion, A lighted taper is introduced into a jar of nitrogen. The 
gas does not burn and the taper inside is extinguished. 

But it supports ihe combustion of burning magnesium. A piece 
of burning magnesium ribbon is plunged into ajar of nitrogen with 
the help of a pair of tongs Magnesium is not extinguished bat con- 
tinues to burn producing a white powder. This while residue when 
boiled with water gives off ammonia which turns red litmRS blue 
and Nessler’s solution brown. 

SMg-hN^-MggNa ; MggN«+6H80-3Mg(0H),H 2NHs 

Uses ; (1) It is used in the manufacture of ammonia, nitric 
acid and nitrolim, a nitrogenous fertilizer. (2) It is also m$ed in 
making gas» thermometers and for filling some electric bulbs (3) It 
finds its application in creating inert atmosphere in some cbemcal 
processes. (4) Liquid nitrogen is used as a refrigerant. 
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T^sts : At ordinary temperature, nitrogen is so inert that no 
positive test can be applied. We can only sho\^ that a given gas is 
nitrogen by elimination of other possibilities. 

(0 is a colourless gas which extinguishes a lighted taper* 
(2) It does not turn lime water milky (3) It is without action 
upon strongly headed copper. (4) Nitrogen is absorbed by heated 
magnesium andthe product on boilingwith water gives off ammonia. 

Comparison of the properties of nitrogen and oxygen. 


Oxygen 



gas. 


Slightly heavier than air. 
Slightly soluble in water. 

Not inflammable but is a 
^‘Upporter of combustion. 

Very active element, can support 
rcspiidfion. 

Absorbw'd by alkaline p.'itassium 
pv ! ogaliutc solutio n at ordinary 
tempetature. 


Nitrogen 

Coloufless, odourless, tasteless 
gas. 

Slightly less dense than air. 
Almost insoluble in water. 

Not inflammable, ordinarily 
I does not support combustion. 
Inactive element, does not 
support re'^piiation at all. 

Under ordinary conditions, 
I it ha< no ab^v^ibent. 


it H fouaJ that bulpau/, caiboo, phosphorus etc bui < oie hiiniantly in pure 
oxygen thao in air. This h ippens because oxsgrn in (he an j<i diluted by mtroaen 
sshich reduces the activity of ox>gen and inttusiry of LouibijSuon 

The nitrogen cycle : Nitrogen plays a very important role in the 
hie piocc^ses of plants and animals. It h an essential constituent 
ol the class of compicx organic compounds known as proteins 
which are absolutely necessary as nitrogenous food materials for all 
living organisms. 

In the Free state, nitrogen occurs in the atmosphere to the extent 
of about 78‘X, by volume. Ordinary nitrogen is comparatively an 
inert element and with the exceptions of a few leguminous plants, 
no plant or animal can assimilate ndrogen of the air directly. The 
elemental y atmospheric nitrogen enter, into flie IiIj proce'sses of 
plants and later of animals through souu natural processes stated 
below 


(1 * Certain leguminousi plants like peas, beans, gr&ms always 
have denies of symbiotic bacteria on the nodules ol then root- 
hairs. These bacteria are capable of convening atmospheric 
nitrogen directly into compounds which are taken up by plants. 
There are some algae and fungi which can als > utlil^e nitrogen of 
the air. But the number of such plants is limiled and only a very 
small quantity of nitrogen can thus be fixed. Almost all the plants 
secure the necessaiy nitrogen indirectly from the nitrates (or nitrites) 
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and ammonium salts present in tbe soil or supplied to it in tne 
form of nitrogenous fertilizers. 



Pig. 2(34) Njtrogen cjcle 

(2) During electric discharge (lightning) in the tipper 
atmosphere* a portion of nitrogen and o\ygen of the air combine 
chemically to produce nitric oxide This oxide is further OMdi^ed 
by the atmospheric oxygen into nitrogen dioxide which reacts 
with rain water forming nitric acid. The acid thus formed 
is washed down by rains to the soil wheie ir is converted into 
soluble nitrates by reacting with the bases present. These 
soluble nitrates from the soil are absorbed by the plants through 
their roots and are ultimately transformed into proteins which ptc 
vitally important for the maintenance of plant lives. This is the 
main process of nitrogen-assimilation by the plants. 

Electric H^O Ba<es soluble 

Na+O, >NO >NOa >HN 03 -^nitrates 

discharge in the soil 

Animals on the other hand arc totally unable to \ assimilate 
nitrogen directly either from the air or from the soluble nitrates 
present ia the soil. Herbivorous animals get their supply of proteins 
from the plants which they eat. Carnivorous animals consume 
proteins of other animals Human being can receive the proteins 
«from both plants and other animals using them as food. 
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As a result of the above processes of continual utilisation of 
atmospheric nitrogen by the living world, the nitrogen content of 
the air should gradually decrease. But thia is never observed. In 
fact, the proportion of nitrogen in the air always remains practically 
constant. This is possible as the air receives back free nitrogen from 
the nitrogenous compounds of plant and animal origins by some 
opposite processes simultaneously taking place in nature. 

Major part of nitrogen consumed by the animals is excreted cind 
returned to the soil in the form of urea which is readily hydrolysed 
to ammonia and carbon dioxide, 

C0(NH,),-|-H,0-C0,+2NH3 

urea. 

Moreover, ammonia is liberated in the soil by the decay 
and putrefaction of dead plants and animals. Ammonia thus formed 
as a result of decomposition of the organic nitrogenom compourds 
(proteins) present in (he decaying plants and animal bodies is first 
oxidised in the soil to nitrites by the nitrosifying bacteiia :md then 
to nitrates by the nitrifying bacteria. These nitrates are partly 
assimilated by the plants and arc partly restored to the atmo^^phere 
as free nitrogen by the action of denitrifying soil bacteria. 

‘hus. ihc natural processes of conversion of atmospheric 
nitrogen into proteins necessary foi life processes of plants and 
animals and the release of free nitrogen into the air by the decom- 
position of such nitro^enou) compounds take place in a cyclic way 
and this cycle is termed as Nitrogen Cycle. The two opposite 
processes mentioned above occur in the nature in such a way as to 
maintain the nitrogen content of air almost fixed. Thus, nitrogen 
undergoes an cvcrcontinuing cycle which maintains a state of 
balance in the atmosphere. 

Fixation of atmoaphi ic nitrogen : The conversion of nitrogen 
of the air into useful nitrogenous compounds by any natural or 
artificial process is known as the fixation of atmospheric nitrogen. 

It has already been stated that •^ome leguminous plants always 
have colonies of bactciia on their roots which are able to transform 
nitrogen of the air directly into it> compounds. Moreover, as a result 
of electric dischaige (lightning) in the upper atmosphere, some 
nitrogen and oxygen may combine together yielding nitric oxide. This 
oxide on being reacted with atmospheric oxygen is converted into 
nitrogen dioxide. The dioxide with rain water gives nitric acid which 
is carried down into the soil, ihe acid reacts with the basic subs- 
tances of the soil and is ultimately transformed into nitrates which 
are then assimilated by the plants. The percentage of nitrogen fixed 
by the natural processes is very small. Besides, most of the nitrogen 
compounds obtained by these processes are lost into the sea and 
thus becoming unavailable for direct use of the plants. In order to 
increase the available nitrogen content in the soil, various nitro- 
genous fertilizers are nowadays used. Hence, the necessity of 
fixing atmospheric nitrogen by^'kitificial methods has been felt. 
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The important artificial processes by which nitrogen of the air 
can be fixed as valuable substances like ammonia, nitiic acid» 
and various manures are stated below. 

(1) Haber* s process: In this process, nitrogen of the air 
combines directly with hydrogen to produce ammonia. 

Fc (catalyst) 



under 200 atm. at 550 C 

Ammonia can be easily converted into various ammonium salts 
and urea which are commonly used a:( fertilizers. Ammonia can also 
be employed as a source for large scale production of nitric acid. 

(2) Serpck*s process : To this piocess, a mixture of aluminium 
oxide (alumina) and coke is heated in a current of air at about 
1500"C. when aluminium nitride is produced. This nitride on being 
hydrolysed with steam produces ammonia. 

Al.Oa -I- N, -h 3C = 2 AIN + 3CO 

2A1N-I-3H aO - A>aO-» 4 2NHa. 

This method is practlcally'obsolcte. 

(3) Cyanamidc process : In this process, calcium cjanamice is 
obtained by heating caicurii carbide in a current of nitrogen a( 
high temperature. 

CaCa“l“Nj| -CaCNj-fC 

The dark grey product which is a mixture of calcium cvanamidc 
and carbon is ducclly used as a fertilizer ur.dcr the tr« d- name 
‘nitrohm*. 

Calcium cyanamidc may be used for the industrial preparation 
of ammonia. 

CaCNg-fSH.O- CaC08 42NH, 

This process cannot be widely applied in countries where 
electrical power is not cheap, 

(4) Birkeland and Eyde process : Nitrogen and oxygen of the 
air are made to combine with each other to form nitric oxide at the 
high temperature (about 3000' C; produced by means of an electric 
arc. This oxide can easily be converted into;mtric acid. At present, 
this process finds limited application. 

The methods meutioned above will be dtscussed in detail in 
different chapters of this book. 



CHAPTER 3 
THE NON-METALS 

CARBON, PHOSPHORUS, SI LPHUR & HALOGENS 

CARBON 

Symbol C Atomic no 6 

Atomic Acii’ht 12 00 £ lectronic configuration ls®2*»*2p* 

Position in periodic table IV B 

Cat bon is found iii naiure in the tree state and aho in Hie form of various com 
pounds L cinentar> c ii bon occurs in nature in the cj>stailine form as diamond and 
graphic Coil contains but dot.s not consist of free carbon Coal is a complex 
caibona«. ous mineral subst ince ol dark brown or black colour This is regarded as 
the hral p odiict ol si i v dccompos ion of the dense premaeval forests buried under 
the L sort ICC in the rem le past as a result of earthquakes and similar natural 
proLCsvts In course ot t me t hese vast forests under the nfluence of high pressure 
and II. iperature in the interior of earth and sevral bacteria present there undertAent 
various chemical transformations ard ultimate^ mummified into coal In combina 
tion vvith other elements carbon is lound in vast quantities as carbonates, mineral 
oils and Olga le mafitr ot all kinds It also occurs in the air to a small extent 
(0 0^ 0 04 bv volume as carb m dioxide 

Allotropy of carbon Carbon exhibits allotropy it exists in 
both Cl v'^talhne and amorphous allotropic forms The crystalline 
torn includes diamond and graphite ind the amorphous form 
includes chare ^al, lamp black coke, gas carbon etc Inspite of 
havipp distinct difference in structu c> and properties, the difiTerent 
forms of carbon consist of the sarre element The different 
allotropic forms arc classihcd as follows 

Carbon 


C rystalline Amorphous 

I I 

I 11 I I 

Dun )nd Graphite Charcoal Lamp-blacK Coke Gas, carbon 


Wood chirr oal knimal charcoal 

L 

I I 

Bone charcoal Blood charcoal 

N B Recent X ray studies on the structurt>» of charcoal, coke, and many 
other vari ties of so called amorphous carbon have Jehnitely proved that they 
consist ot micfo crystals of graphite Thus m the light of these observations only 
two true crystvlIiTie allot! opic f irms ot carbon arc recog used The apparent non- 
cry«talline structure ot thw amorphous varieties is due to the fact that these micro 
crystals ait not uniformly distributed or arranged in them In other words, the 
micro ervstalline partial s arc haphazzardly oriented in the mass of the amorphous 
material 

Crystalline allotropeg of carbon 

Diamond Diamond occurs naturally in South Africa, Brazil, 
New South Wales and in Goleconda in Inuia On account of its 
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beauty, rarity and permanence of properties, diamond is prized as 
a very vaiuable gem. Like other precious stones, diamond is 
expressed in carots,*^ (1 carot=0’20 gm). The world famous Indian 
Kohinoor originally weighed 186 carots. Some other precious 
diamonds are Cullinan (3032 carots), Hope (44*5 carbts) and Pitt 
(136*2 carots). 

Extraction : Diamonds are found in alluvial deposits mixed 
with peculiar type of rock and in river gravels. These substances 
containing diamonds are left exposed to the weather when they fall 
to powder. A part of diamonds is first separated by hand picking. 
The remaining powder mixed with witer is led over boards coated 
with grease or wax. The diamonds adhere to the grease ^or wax) 
and the clay and other impurities pass on with the water. In this 
way, diamonds are recovered. 

Artificial diamond ‘ Artificial diamond was prepared by Moi&san in 1896 
by heating a mixture of pure iron and sugar charcoal in a graphite crucible in the 
electric arc furnace to about SOOO^C. The whole mass melted and at this high 
temperature, iron dissolved a good deal of carbon. The crucible was then immersed 
in molten lead under high pressure and was allowed to cool sue de.>ly On rapid 
ci^oling, the molten iron began to solidify This resulted in an enoImou^ pics^ure 
on the dissolved carbon due to the contraction of iron on solidification A portion 
of the dissolved caib m crystallized out in the form of small crystals of diamond A 
part of carbon is converted into graphite. Diamond and graphite are treed from 
iron by dissohmg out the latter with hydrochloric acid. This piocrss could not 
be utilised for commercial purpose owing to the very fine si/e of the crystals 
produced. Besides, the piocess is very costly. 

Properties : Pure diamond is a colourless, transpaient, lustrous, 
crystalline substance having a sp. gr. of about 3 5. Al'^ough trans- 
parent, diamond is occasionally pink, red, green or blue due lo the 
presence of traces of foreign substances. It is the hardest substance 
known. It is chemically inactive and docs not conduct heat or 
electricity. It is transparent to Rontgen ra>s (X rays) whereas 
imitation diamond made of glass is opaque to these ray«;. Thus, 
X-rays furnish a ready means of iiicntiticdtion of real diamond. 

Uses : (1) For its amazing lustre, diamond is generally ,mscd as a 
gem. (2) On account of its extreme hardness, it has a commercial 
value for the manutacture of glass cutters and rock K^rers. 

The opaque and black diamonds known as ‘carbonado’ and 
‘bort’ are of no value as gems. These arc usually u>ed for drilling 
rocks and for cutting and polishing other diamonds and stones. 

Graphite : The word graphite comes from the Greek word 
‘grapho’ meaning I write. It has been so named because it can 
mark papers. Graphite (also known as plumbago or black lead) is 
widely distributed in nature. It is found in the native stales in 
Srilanka, Siberia, Italy, United States and in India. Graphite is 
also prepared artificially. 

Artificial preparation of graphite— ‘Acheson's process : Artificial 
graphite is manufactured at Niagra Falls in U.S.A. according to 
Acheson’s process In which an intimate mixture of sand and 

*Th6 term carot is derived from the carobeao, a small weight formerly used bv 
the diamond-merchants of India, ^ ^ 
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anthracite or petroleum coke is strongly heated to a very .high tem- 
perature between 3000-3500*'C for 20-24 hours in a rectangular elec- 
trothermal furnace made of fire bricks. The temperature required 
is produced by means of electric current passing through two large 
carbon electrodes placed in the mixture and connected together by 
a central core of carbon rods. The mixture is kept covered by a 
layer of sand. 



1 ig. 2(3i) Artificial graphite by Acheson process 

At first, sand and carbon react producing silicon carbide which 
subsequently decompose* at a \ery high temperature into graphite 
and elementary silicon. The letter volatilises away. 

SiO.-|-3C-SiC+2CO; SiC-Sif-C. 

Graphite is a dark grey, crystalline substance with a sp gr.of 2*2. 
It IS soft, slippery and has i lustre resembling that oT a metal. 
It is a good conductor of heat and electricity. 

Uses It is extensively used in the manufacture of lead pencils, 
as a protective coating for iron articles against rusting and frictions. 
It IS Used in nuking relractory crucibles for useat high temperatures 
and for making lubricating oil lor some machinery parts. Graphite 
as employed in making electrodes for electric furances. Sometimes, 
non-conduciing subbiances are made conductors of electricity by 
coating them with a layer of graphite. 

It has already, been stated that of the two crystalHoe allotropes of carbon, diamond 
does not conduu electricity and due to its extreme lhardress, it is used as an abrasive. 
On the other hand, graphite is a good conductor of 
electricity It is soft and is used as a lubricant. Ihe 
difference la properties and uses ot diamond and 
graphite can easily be explained on the basis of the 
difierence m their crystal structures. In tt- diamond 
crystal, each carbon atom is covalently linked with 
four other carbon atoms which are arranged tetrahe- 
drally suiroundiog it. In this tetrahedral arrange- 
ment, carbon atoms are at equal distance from one 
another. Such a structure extends through out the 
entire crystal in three dimensions and each crystal 
of diamond is regarded as a giant molecule. The 
forces acting between the covalently linked atoms are Fig. 2(35A) 

very strong. The lack of electiical conductivity of Diamond crystal 
diamond is due to the complete pairing of all the available electrons so that they 
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are firmly held in the carbon<carbon covalent bDnds. This particular rigid three 
dimensional structure also accounts for its extreme hardness, dhemteal inertness^ 
high melting point and abrasive property since a huge energy is required to break 
the C-C bonds. 

In graphite carbon atoms are situated at the corner of regular he.xagons arranged 
in parallel layers. The distance between the adjacent layers has been found to be 
greater than that between the adjicent atoms of the hexagon as a result of which the 
C-C bond between atoms in the simc layer is much 
stronger than that between the layers. In fact, the graphite 
crystal is itself a giant molecule m two dimensions. Thi.s 
structure with separated layers consisting of a hexagonal 
net work accounts for the lower density of graphite 
in comparison to diam ntd. Since, the layers are relatively 
loosely bound, they may easily slide o\er each other. 

As a result, graphite possesses lubricating property. 

Three of the valency electrons of each carbon atom 
in the graphite crystal are involved in forming three 
co\a1ent bonds with thiee carbon atoms in the layer. 

The fourth electrons of the carbon atoms arc consi- 
derably mobile and hence graphite is a conductor ot electricity. 

N B. : It is intercbting to note that lead pencil does not contain lead but is raaotr 
of graphite. 

Amorphous carbon— wood charcoal : It is prepared by destructive 
distillation of air-dried wood in iron retorts. The black, non- 
volatile solid residue left in the retorts is wood charcoal. 

Ordinarily, it is made by burning wood in a limited supply of 
air ID pit or kiln. By this process only 20 o of the wood is converted 
into charcoal and the rest is lost. 

Cocoanut shells on dry distillation produce wood charcoal. 

Sugar charcoal is the purest form of amorphous carbon. It 
obtained by destructive Jistillation of crystalline cane sugar or 
by the action of strong sulphuric acid on sugar. The resulting 
charcoal formed as a black mass is washed with water, filtered, 
dried and heated in a current of chlorine to remove any combined 
hydrogen in the form of hydrogen chloride. The excess of chlorine 
is then removed by heating in hydrogen. 

heated Conc.HgSO^ 

>12C+11H,0 ; ►12C. 

(-11H.O) 

Animal charcoal : The residue left in the retorts when smalt 
pieces of degreased animal bones arc subjected to destructive 
distillation is called hone charcoal. The animal icharcoal is a black, 
coloured, powdered substance having the remarkable property of 
absorbing colouring matter from solutions. It is not pure and it 
contains about 80^ calcium phosphate along with carbon. This 
is known as bone black. When treated with hot hydrochloric ac/d, 
the portion of calcium phosphate dissolves and the dark black 
charcoal that remains goes by the name of ivory black. 

Blood charcoal is obtained by destructive distillation of dried 
blood. It is a superior type of animal charcoal. 



Fig.2(35B) 
Graphite crystal 
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Charcoal is a black, soft, amorphous substance having a sp. gr. 
of 1*4 to 1’9. It is a non-conductor of heat and electricity. It is 
porous, and though heavier, is found to float on water when dry. 
This is possible because the large quantity of air present in Its 
innumerable pores reduces the sp. gr. apparently to a lower value 
of about 0 2. 

If the air is expelled from the porous charcoal, it absorbs gases 
and the absorbed gases remain adhered to the outer surface of it. 
In this process, the gases are not dissolved in charcoal or do not 
undergo any chemical reaction with it. Charcoal simply retains the 
absorbed gases on its surface. The important jproperty by virtue 
of which the charcoal can take up a gas and retain the same on its 
surface is termed as adsorption. Obviously, the concentration of 
the gas taken up is higher at the surface than in any other parts of 
the charcoal. Generally, adsorption may be defined as a process of 
existence of higher concentration of a particular substance on the 
surface of a solid or liquid than is present in the bulk. It is purely a 
surface phenomenon. The substance upon whose surface the con- 
ccntraiion lakes place is called the aefyorhent and the substance 
which is f ccumulated on the surface is called the adsorbate. The 
adsorbed gas is released on heating. 

Adsorption should not be confu«ed with the term absorption In the process 
of absorption, a siibsStancc is not niil\ retained on the surface but passes through 
fhc suriacc to become uniformly distributed throughout the body of a ^ olid or a 
liquid. 

The absorptive power of cocoanut charcoal is tremendously 
increased when it is heated at 900 C in a closed \esscl free from air 
blit in the presence of a trace of steam or oxygen. Thus, any 
specially treated charcoal with enhanced absorbing activity is called 
activated or active charcoal. Active charcoal may be obtained by 
the dc tructive distillation of wood, saw dust etc. previously 
impregnated with zinc or magnesium chloride solution. Animal 
charcoal is also a super ^r type of active charcoal. 

Activated charcoal is used as an adsorbent in military and indus- 
trial gas masks, for removing the unwanted colours, impurities, 
odours of liquids. It is extensnely used in refining crude sugar 
since it readily absorbs the colouring matter from the sugar solu- 
tions and also for preparation of gun powder. It is also used as a 
positive catalyst in many chemical reactions at room temperature. 

The adsorbed gases are more active than the ordinary gases. 
Ordinary chlorine docs not react with hydrogen in the dark at 
ordinary temperature. But chlorine adsorbed in charcoal readily 
combines with hydrogen producir^i, h> drogen chlorine even in the 
dark. 

Charcoal is a strong reducing agent. Its reducing power and 
other properties have been discussed under the chemical properties 
of carbon. 

Cses of charcoal : Wood charcoal is used as a fuel and as a 
reducing agent in metallurgy. It is often used in filter beds and as 
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aa adsorbent for obnoxious gases. It finds its application in the 
manufacture of gun powder, in the preparation of activated char- 
coal which is extensively used in gas masks. In the laboratory, it 
is used in the charcoal reduction test. Animal charcoal is used in 
decolouring and purifying sugar. Ivory black is used as a pigment. 

Lamp black : It is the purest form of amorphous carbon and is 
made by burning kerosene, petroleum, terpentine, benzene and 
other substances rich in carbon in a limited supply of air. The black 
smoke is then passed into large cold chambers containing suspended 
coarse blankets upon which the small carbon particles collect as 
flaky deposits known as soot. This is removed at i/itervals. 

Lamp black is largely used for making printers* ink, shoe-polish 
and black paints. It is also employed as a filter for rubber. 

Coke and Gas Carbon : Coke is the non-volatile solid residue 
left in the retorts aher the destructive distillation of coal. The 
nature of the coke depends upon the temperature at which the 
distillation is carried out. If the distillation is conducted at 600- 
650°C (Low temperature carbonisation), we get soft coke. The coke 
obtained by high temperature carbonisation (1000— 1200''C) is 
known as hard coke. Gas carbon is a by-product of destructive 
distillation of coal and is formed as a hard, dense deposit on the 
upper surface and sides of the retorts. 

It is almost a pure form of amorphous carbon and is a good 
conductor of heat and electricity. Hard coke is used as a fuel and 
as a reducing agent in metallurgical processes. Soft coke i& 
extensively used as a domestic fuel. 

Gas carbon is used in making electrodes in electric furnaces,^ 
arc lamps and electric batteries. It is also used in furnacc-lming. 

Experiment to prove the porosity of charcoal : 

The sp. gr. of charcoal varies from 1*4 
to 1*9. So, it should sink when placed in 
water. But in practice just the opposite 
phenomenon is observed. 

If a piece of charcoal is placed in a 
jar containing water, the charcoal instead 
of sinking is found to Boat on water. 
Now, the mouth of the jar is fitted with 
a cork provided with a glass tube bent 
at right angle. The outer end of (he tube 
is then connected with an air pump. 
When the pump is in operation, air 
escapes from the jar and the pores of 
the piece of charcoal which gradually 
begins to sink. It is evident from this 
experiment that charcoal is porous and 
the air contained in its pores reduces ita 
effective sp. gr. to a much lower value of 1 (i.e. sp. gr. of water). 



I'tg. 2(36) Experiment to 
prove that charcoal is porous 
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Experiment to show that charcoal is a good adsorbent : The 
power of adsorption of charcoal is illustrated by the following 
simple experiment. 

A glass tube closed at one end is filled with ammonia gas and is 
inverted over a trough of mer- 
cury. A piece of wood charcoal 
after being heated to expel air 
from its pores is then introduced 
in the tube containing ammonia. 

Charcoal adsorbs ammonia rea- 
dily and as a result, mercury 
from the trough rises up and 
entirely liJls the tube. 

If the same experiment is 
repeated with chlorine and 
sulphur dioxide separately, it is 
found that these gases are also 
adsorbed by charcoal. 

Active chaiooal is better 
adsorbent for gases than ordinary charcoal. 

Not only the gases, the animal charcoal is capable of adsorbing 
the colouring matter from the coloured solutions. Smell or even 
the taste of a substance is sometimes found to be removed by a 
suitable charcoal. 



Fig. (37) Adsorption of 
gases by charcoal 


(i) Colouied solution of molasses is decolourised by boiling 
with animal charcoal. 

(n) A hot red or blue litmus solution ou being shaken with 
animal charcoal becomes colourless. Blue indigo solution after 
boiling with active charcoal is filtered. The filtrate obtained Is 
found to be colourless. 

(lii) If a solution of quinine sulphate is filtered through a bed of 
activated charcoal, the filtrate becomes tasteless. Here, the charcoal 
has adsorbed the peculiar bitter taste of quinine sulphate. 

When a solution of hydngen sulphide (H^S) is added to a 
solution of lead nitrate, black lead sulphide (PbS) is precipitated. 
But if the solution of H,S is filtered through a layer of activated 
charcoal and the filtrate is added to a lead nitrate solution, no 
black precipitate is obtained. This is due to the fact that active 
charcoal adsorbs H,S from its solution. 

Chemical properties of carbon : (1) When burnt in air or oxygen, 
each of the different varieties of carbon combines with oxygen pro- 
ducing carbon dioxide. As a result of burning in a limited supply 
of oxygen, carbon monoxide is formed. 

C+0,=C0g ; 2C+Og = 2CO. 


(2) At high temperatures, carbon directly combines with sul- 
phur, nitrogen, hydrogen etc. 

C ■+'28 I 

(led hot) (vapour) esrbon disulphide 


2CH-N. = (CN), 
cyanofen 
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At the elevated temperatures (1100 ~2100'C) aud a pressure of 
200 atms, carbon combines with hydrogen forming methane in small 
quantities. C-f 2Hj?±CH4 , 

If an electric arc is generated between the carbon electi odes in 
the atmosphere of hydrogen, acetylene gas is formed. 

2C+Ha CaHa. 

Carbon reacts with heated metals like calcium, aluminium, iron 
etc. giving the metal carbides. Silicon at very high temperatures, 
combines with carbon to form its carbide. 

Ca-1 2C CaCj ; 4AH-3C -AISh 
3Fe-fC Fc.*C; Si-fC=^SiO 

Two commercially important carbides are calcium carbice and 
silicon carbide. 

On a commercial scale, caUiuin carbide is prei.«arcd by heatmg a rruKture of 
3 parts by weight of lime and 2 parts b\ weight of coke at a ttinpcfatun ZGOOX 
or more m an electric furnace. 

CaO ^ CaC, ■} C O- 111,000 cals 

Silicon carbine is commercially made in an electi iv furnace by heating a mivture 
of sand and crushed coke (proportion 5 3) with some saw dust and a litt c salt at 
1500 — 2000 C The commercial (impure) product is normally a dark coloured 
coaisely crystalline mass having a brilliant iridescent lustie )i is an e\tr>mieK hard 
substance commonly known by the trade name carborundum. Since U fusible 
with difhculty, it is widely used as an abrasive and as a icfractoiv »n iurhate linings. 

(3) When a limited supply of air is passed througfi a bed of 
white hot (tempr. 1000 C) coke, the later combines with the ovygen 
of the air producing carbon monoxide. The mixture ot caibon 
monoxide and unreacted oHrogen thus foimed is known as 
producer gas. 

(4) At elevated temperatures, cathou at ts a stuwi^ }< during 
agent. When steam is blown through a lied of wh^te-hoi coke at a 
temperature of 1000 C, the latter reduce- ^cam to hydrogen itself 
being oxidised to carbon monoxide (a little COg is also formed). 

The mixture of equal volumes of carbon monoxide and hydrogen 
thus produced is known as water gas. 

Carbon at red heat reduces carbon dioxide to carbon nionoxidc. 

COg4-C=2CO. 

Carbon at high temperatures reduces niay metallic oxides to the 
respective metals. 

CuO-j* C Cu“l“ C O I ZnO-|-C Zn-f-CO 
PbO+C = Pb+CO; Pcg 03 + 3C- 2Fc+3C O. 

Sodium sulphate is reduced to sodium sulphide by heated carbon. 

NagS04-|-4C=rNa,S+4C0. 

Hot concentrated sulphuric acid and nitric acid oxidise carbon to 
carbon dioxide. Hot sulphuric acid and nitric acid by the action of 
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carbon are reduced to sulphur dioxide and nitrogen dioxide 
respectively. 

C+2H,SO, -C0, + 2S0a+2H30 
C-f4aNO,- COa f4N0j-h2H,0 

Experiment to prove that all the allotropic modifications of carbon 
consist of the same element It a certain fixed amount 1 1 each of 
the different allotropic modihcatiors of caibon is separately burnt 
in pure and dry oxvgcn, the product is alwavs carbon dioxide. 
Further, the same amount of an\ vincty ol caibon produces exactly 
the same weight of the gaseous product. 

C-lOa-CO, 

A porcelain boat coniainirg a cnrcclly weighed quantity of 
charcoil ('lUgar chircoal is introduced in a hard gla^s tube one 
lalf of which IS nearlv packed with dry black cupric oxide from an 
open end Thiough the ore end of the lube neaicr the boat, 
j slow stream of dr\ aid ] ure oxMen is pas ed for «ome ime 
When the air inside the Mibe is displaced by o\>gen, the other end 
IS attached to a prcvioiislv weighed potash bulb cortainmg strong 
caustic potash solution fnenyer of cupric oxide and the boat 
containing the (harsoal are then strongly heated while a <;low 
sticana of nxvacn »s contmiiilly passed through the tube The 
JiarcfMl \\ b‘irni in o\}gcn pio iucirc carbon dioxide which is swept 
*way bv the ox\gen gas and is abs I’^bed in the potash bulb 

fhcircicise m weight cues the wciihl of carbon oioxidc 
onned It has been found that 3 666 gras carbon dioxide arc 
produced when 1 gm of si»<»ar charcoal is burnt 

If this experiment is performed with 1 gm of any other \anely 
3ike giapbitc, aiamond, animal charcoal etc , the same weight 
of the produv.t ^carbon dioxide) is obtained It proves clearly 
^'hat the different alio rope of carbon contain nothinit but the 
^arnc element i arbon 


PHO f^llORUS 



Symbol P Atomic number IS 

M wt 30 9b I Icctronic configuration ls*2s*2p''3s*3p* 

Position n periodic table \ B 


Phosphorus was discovered by the Oeiman alchemist Brand in 1074 The 
elementary nature of phosphoru'' was hi * tablishcd oy oi ler in 17’’7 

Phosphorus is so tne that it cannot exist in nature m the free state It was 
named pho<>phorus (pho:i- li^ht phoro Icarrv) for it ^iows in the darkness due 
to auto combustion In the .ombincd state it is widely (distributed in vaiious phos 
phatic minerals such aa phosphorite ra,(PO*>, , fluor apatite CaF* , 

chloropaate ^Ca.tPOJj CaCI„ vnianite, 8H,0 etc Animal bones 

contain about 60 80 i ^ Ca ,< , 

The phosphatic minerals (the most important of which is phosphorite, also 
called phosphate rock) and the bones are used as the source of phosphorus. 
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Preparation : Two methods are known for the manufacture of 
phosphorus. 

(1) In Che modern electrical process, phosphorus is made from 
cither phosphate rock Cae(PO^), or bone ash. (2) In the old 
retort process, the clement is extracted from the bone ash. At 
present, it has become advantageous to get phosphorus on a large 
scale by the electric process and the retort process is now obsolete. 

(A) Modern electro-thermal process : The process is also called 
Parkar, Robinson, Readmann process according to the names of the 
discoverers. In this process, phosphorus is made by heating a mix- 
ture of powdered mineral calcium phosphate (or bone phosphate), 
sand and coke at a high temperature produced by means of an 
electric arc. Firstly at the high temperature of about 1200X, 
calcium phosphate and silica react to produce calcium silicate and 
phosphorus pentoxide. 

Ca a (POJ , -h 3SiO, = 3CaSiOa H-PaOa. 

Phosphorus pentoxide IS then reduced by coke to phosphorus 
at a still higher temperature of about 1500 C and carbon monoxide 
IS produced. 

2PaO,-f- IOC =P^-f loco. 

The furnance made of fire-clay bricks is provided with two stout 

Through these electrodes, an 
electric arc is struck so as to 
produce the high tempera- 
ture. 

The reacting mixtuic is 
introduced through the 
hopper at the top and is 
conveyed by means of a 
screw arrangement into the 
closed furnace bed Ihcrc 
IS an outlet near the top of 
the furnace for the eacape 
of phosphorus vapour and 
carbon monoxide. The cal- 
cium silicate formed is 
taken out through a small 
outlet at the bottom. 

After introducing the 
charge through the hopper, 
the temperature of about 
1500 C is generated by 
passing electric current 
through the electrodes. 

Phosphorus liberated remains as vapours at this high temperature 
and the mixture of phosphorus vapour and carbon monoxide leaves 
the furnace through the outlet at the top. The mixture is then 


carbon electrodes near the bottom. 



Fig. 2(38) Extraction ol phosphorus 
by electrical process 
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bubbled through cold water under which phosphorus vapour con* 
denses and collects there in the form of solid phosphorus. Carbou 
monoxide passes out as a gas. 

The calcium silicate along with other impurities collects at the 
bottom as a liquid slag and is taken out at intervals. 

Phosphorus thus obtained is not pure. The crude phosphorus 
is melted under hot water to remove the sand and clay particles. 
It is then stirred with chromic acid and cone. H 2 SO 4 ) 

when some of the oxidisable impurities are oxidised and passed 
into the solution. Other impurities separate and rise up as a 
scum. The molten phopborus under water is filtered by pressing 
through chamois leather or canvas and is finally cast into sticks. 

Due to its spontaneous inflammability in contact with air, the 
pure phosphorus is always preserved under water and transported 
as such. 

(B^ The old retort process of manufacture from bones : Bones 
contain about 58% calcium phosphate, a little calcium caroonate^ 
carbon, gelatin, fat and nitrogenous organic matter. 

The bones are cut into small pieces and digested with carbon 
disulphide or carbon tetrachloride to remove fats and greasy 
substances. The pieces of degreased bones are then freed from 
gelatin by heating in super healed steam and is subjected to 
destiuctive distillation out of contact with air in an iron retort. 
The black mass that remains is the bone charcoal or bone black 
which is a mixture of carbon and calcium phosphate. Bone char- 
coal on being heated in air gives the bone ash containing 80% of 
calcium phosphate. 

An intimate mixture of powdered bone ash and fairly strong 
sulphuric acid (60%) is heated when phosphoric acid and insoluble 
calcium phosphate are obtained. 

Ca3(P04),-h3H,S0*-3CaS044 2H,r04. 

Calcium sulphate is filtered off and the filtrate containing 

phosphoric acid is continually evaporated to a svrup. It is then 
mixed with powdered coke and carefully heated to complete dryness 
in cast iron vessels. The dried residue is next heated to redness in 
a fire clay retort, the mouth of which is dipped under water. 

Phosphoric acid when heated decomposes first into metaphos* 
phoric acid which is then reduced by charcoal to elementary 
phosphorus. 

HgPO.-HPOa + HjO ; 4HP08-M2C = P4 + 12C0+2Ha 
metaphosphoric ac<d 

The reaction products, carbon monoxide and hydrogen, escape 
and phosphorus vapour condenses as a dark brown solid and 
collects under water. 

It has been stated before that the process is not used now. 

Allotropic modifications of phosphorus : Phosphorus exhibits 
allotropy. It exists in several allotropic forms. Two important. 
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allotropes are white or yellow phosphorus and red phosphorus. 
The latter is the stable form. Due to the difference in their 
molecular structures, the two forms show remarkable differences 
in their physical and in some chemical properties. 

The phosphorus obtained by the modern electrical process or 
b\ old retort process i^ the white variety. 


Preparation of red phosphorus from white phosphorus : Red 
phosphorus is prepared by heating white phosphorus at 240-2^0 C 
in absence of air in an inert atOTosphere of carbon dioxide or 
nitrogen with a trace of iodine acting as a catal>st. 

240 250 C 


white 


I, 


-»P 

Red 


White pho^phoius with a tiacc of iodine kept in a cas^ iron 
vessel htted with an air tight co\er ihrou^ih which pas'^cs an upright 
safety tube, open at bo h ends to prevent the increase of pressure 

jnv*dc the vessel. Two ilicirnomc- 
ters are placed in the two holes 
in the iron vessel The vessel is 
carefully heated in a furnace to 
240 C when white phospnorus 
is slowly converted into red 
l»hosphorus. \ small portion ol 
wnitc phosphorus is oxidised to 
Us oxides bv the oxvgcn of the 
.ir initiallv present in the ve-^sei 
1 he red phosphorus thus 
formed 's nr-t ground to powder 
iin ler water and then botled 
with cdiiuic soda solution to 
eliminalc anv unchanged white 
phosphorus III the form of 
iz is.'ous phoaphinc ar%i soluble 
odium In pophosphile It is 
subscquci ijy hltcrcd, washed 



^lg 2 39) Preparation of red phosphorus 

with hot water and dried bv heating with steam 

Red phosphorus is rot spontaneously oxidi*?ed in the air. 
Hence it is not kept under water. 

When white phosphorus ir kept in open air, it tends to trans- 
form slowly into the red phosphorus. Red phosphorus is also 
formed when white phosphorus is subjected to silent electric 
discharge. 


Preparation of while phosphorua from red phosphorus : Red 
phosphorus is heated to above 550 C in an inert atmosphere of 
carbon dioxide or nitrogen when red phosphorus vaporizes. The 
vapours on cooling condense as white phosphorus. 

(i) Vaporization above 550 C 

P 

(Red) (ii) Rapid cooling (White) 
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Properties of white phosphoroos : Physical : — (1) White phos- 
phorus IS translucent, almost colourless or pale yellow crystalline 
solid. It IS soft, waxy and can easily be cut with a knife. (2) it 
hdb a garlic-likc -jmcll. (3) It melts at 44 C. (4) White phosphorus 
IS heavier than water (sp. gr. 1*84). It is almost insoluble in water 
but soluble m organic solvents like carbon disulphide, alcohoK 
b^n/ene, chloroform etc. (5) It is a non-conductor of heat and 
electricity, (6) It is a highly poisonous substance. 


Chemical ; Pho<*phorus is a very 
density measurement shows that 
below 1000 C, the pho'^phonis 
molecule is tctratomic (P^). The 
four P-atoms are situated at the 
four corners of a regular tetrahedron 
and are linked to one another by 
single covalent bonds [Fig. 2(39A)]. 
I he P-P-P angle in the molecule is 
60 . At about 1600 C, it is partially 
dissociated forming diatomic mole- 
cule. p 4 ?=i 2 P«. 


active clement. (1) Vapour 



Fiii. 2(39 A) 


2) On heating, it is converted into red phosphorus. This 
conversion is almost complete when white phosphorus is heated at 
250 C in an inert atomosphcrc of carbon dioxide or nitrogen. 

(3) WhPe phosphorus is easily oxidised to its various oxides 
by air or oxygen even at the ofdin«ry temperature. When exposed 
to moist air, it undergoes spontaneous oxidation giving the lower 
oxide PaOg along with a little ozone and emits a faint, green glow 
especially visible in the dark. This phenomenon is commonly 
known as phosphorescence. Even a trace of phosphorus is detected 
from the emission of this glow. 

White phosphorus ignites in air even at 35 C producing the 
posionous fumes of phosphorus pentoxide P4-F503=^2 PjO5. 

It has been found experimentally that the glowing of phos- 
phorus increa'-es if pressure of air is reduced. The emission of 
this light takes place in air containing tracch of moisture. Many 
chemists are of opinion that the ozone formed during the sponta- 
neous oxidation of phosphorus is responsible for phosphorescence 
to some extent. 


(4) It ignites readily in halogen:' forming halides with evolution 
of heat and light. 

p ^_6C1,-4PCI« ; P, 10C4-4PCi, 

P^+6Br,-4PBr3 : P^+ !0Br* = 4PBf . ; P, f 6I, = 4Pl3, 


White phosphorus combines with sulphur and the highly electfo 
positive metals producing aulphidc and phosphides respectively. 
2P4.5S-P*S3 ; 3Na+P-Na„P 

(Phosphorus pccta sulphide) (Sodium phosphide) 


3Ca+2P-Ca,P. 

(Calcium phosphide) 
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(5) White phosphorus on being heated with a solution of 
caustic soda (or other strong alkalis like caustic potash, barium 
hydivonidt tic) yields phosphine. Sodium h>pophosphite is formed 
in solution. 

4P-l-3NaOH-i-3HaO- PH« -h3NdH,POa 

(Phosphioc) (Sodium hypophospbite^ 

(6) (a) White phosphorus acts as a reducing agent. It reduces 
hot, concentrated nitric acid to the oxides of nitrogen (such as 
nitric oxide, nitrogen dioxide) and it itself is oxidised to phos- 
phoric acid 

4P MOHNOa hH20-4H.,PO^ 5NO-f SNO^. 

(b) White pho^phoius precipitates copper silver and gold from 
the aqueous solutions oi their salts When white phosphors is 
added to a cold copper sulphate so ution, copper is precipit ited. 

2P-f^CuSO^ + SH.O 5Cn+2H3PO^ + 5H2SO, 

NB (i) lc iS spontaneou inflammability, whiU phosph )ius is kept 

under watei Great eiie should be taken whtn using it, for it is verv poi^or >us 
and catches hre eas l\ 

(11) If white phosph inis is ncciden illy dropped on the hand it should be 
removed immtdiatel/ washing with e ippei viiiphate solution 

Experiments to illustrate some of the properfiCH of white 
phosphorus 

(1) Cold flame few pieces of white phosphoru^ covefred with 
glass wools are taken in a round bottomed flask provided with a 

long tube bent at right »n^le 
and a short tube The end oj 
the long tube reaches almost 
the bottom of the flask Air 
inside the flask is expelled by 
passingcarbondioxidtthro i »h 
the long lube The tlasK ton- 
lainmg phosphorus in an inert 
atmosphere of COg is then 
slightly hcdtcd on water bath 
when the phosphorus vapour 
parses out with carbon dioxide 
and Ignites at the outer end ot 
the short tube with a greenish 
flame The flame is so cool 
that it does not burn paper 
or a match stick it placed in 
It This green flame is known 
Fig 2(40) Cold flame as “cold flame”. 

(2) Cold fire (a) A piece of white phosphorus is taken in a 
round bottomed flask containing water. A small quantity of 
potassium chlorate is kept near the piece of phosphorus. Now, cone, 
sulphuric acid is added on it carefully with the help of a thistle 
funnel. Phosphorus is found to burn under water emitting sparks. 
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(b) White phosphorus taken in a tube containing water is 
melted at 60**C. When air is blown through the tube, the melted 
phosphorus ignites under water. 

Properties of red phosphorus 

Physical (1) It is a red or reddish violet, odourless solid having 
a specific gravity of 2 2. (2) It has no definite melting point but 
becomes soft at 590‘'C. It vaporizes at above this temperature and 
the vapours produce white phosphorus by condensation. (3) It 
IS insoluble in water and organic solvent like carbon disulphide. 
(4) It IS a feeble conductor of electricity and is non-poisonous. 

Chemical : Red phosphorus is much less reactive than white 
phosphorus (1) It is not easily affected by air and shows no phos- 
phorescence. When heated in air above 260 C, it produces 
phosphorus pentoxide (2) It leact^ with halogens slowly and 
burns in chlorine only when heated forming tn and penta 
chlorides (3) Alkalis do not react with red phosphorus. (4) Cone, 
nitric acid is reduced to oxides of nitrogen by red phosphorus 
which is oxidised at the same time into phosphoric acid. 


Comparison of the properties of white and red phosphorus 


Property 

White (yellow) phosphorus | 

Red phosphorus 

Phv ital 1 


— 

C olnui struc 
ture, smcM, -oki- 
bility and vp i 

1 

1 

Almost col uricss *flichtlv 
vclovish) with garlic vtncil 
but crvslallne *’ol d ir- 
soluble in water but soluuk in 
carb u lilphidc It las the 
sp r r ol 1 8 

Opaque red solid, wilnout 
any tul in ol able in water 
and c 11 aviei than white 

pliospluru'- (sp gr « 2) 

Poisonous cha- i 
T3i Itr and ektln- | 
..al cotiducuvity 

Very poisonous, non con- 
ductor ol eleUiicitv 

Non poi onou und leeble 
conduchi >fJwCtr.ity 

MtiCini^andiP- 
nition points 

Tt nr cits It 44'’C. igmtes m 
dll at i w temper Hurt (abo\e 
WC) 

HisTodefinik IT p Ignites 
at high tempi iiture (ZbO^Ci, 
sublimes at 400 C 

Chemical rcat- . 
tiMty. 

Ver\ react! vt chcmicailv It^s 
stci*^k at ordinary i mperatu e 

Lesi reict ve than white 
piiosphorus and stable at oidi- 
naiy temrerature 

Action of air — 
ohosphorLScence 1 

! 

Rapidlv oxidises in an at 
ordinary ttmperaturtaml shows 
green glow or phoshore'‘CCDc t 
specuih visible in the dark ft 
Ignites lo air even at C p'o 
duLing P,Ofl 

Not oxidised in air at ordi- 
nal y temp 1 i^urc and shows 
no rhosphorc^tente Forms 
when hoaied to 2^0®C in 
an 

Reaction with 
chlorine 

Sptnidntously in 

chlorine giving phosphorus tn 
and pent! chlorides 

Ignites in chlorine when 
heated yielding tn and penta 
chlorides 

Action of hot 
NaOH vor KOH) 
soln 

F\o»vcs phosphine and 
hypophosphitc formed remains 
in solution 

Does not react 

Action of hot 
cone, nitric acid. 

Reacts with explosion pro- 
ducing phosphoric acid and 
nitrogen dioxide. 

Reacts comparatively slowly 
pioducing the same products 
as in the case of white phot- 
phorus. 
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N B. It is seen from the obove comparative study that white phosphorus and 
red phosphorus differ remarkably in their physical as well as some chemical 
properties. The white variety is a soft, light, low-melting highly reactive substance 
while the red variety is hard, heavy, high-melting substance with less chemical 
reactivity. The differences between the two allotropes have been explained in the 
light of their molecular structures. 

It has already been stated that the atomicity of phosphorus is 4. Investigations 
have reveal id that the white phosphorus consists of individual molecules having 
very weak attraction between them. Moreover, the considerable strain existing in 

molecule with P-P-P angles of 60" makes this allotrope highly reactive. On 
the other band, the red phosphorus is made of tiny crystals in which tetrahedrally 
arrang'd P^ units are jomed through P-P covalent bonds forming a long chain. 
This molecular structure is responsible for its chemical stability, high melting point 
etc. 

Experiments to prove that white and red phosphorus consist of 
the same element : 

(a) If equal masses of the two allotropes are heated in dry and 
pure oxygen, exactly the same masses of the product phosphorus 
pentoxide are obtained. 

4P+50a = 2Pa0« 

(Zi) X gms. of white phosphorus when heated with a trace of 
iodine to 250‘'C in an inert atmosphere of nitrogen or carbon dioxide 
yield exactly x gms of red phosphorus and nothing else. On heating 
the same amount of red phosphorus at 550''C in an inert atmosphere, 
the red variety is converted directly into vapour which on rapid 
cooling condenses to x gras of white phosphorus. 

a trace of 

X gms of white phosphorus >x gms of reef phosphorus. 

in CO 54 or N, 
at 250X 

(1) voporisation at 550"C in CO, 

►x gms of while phosphorus. 

(2) rapid cooling 

These experimental evidences conclusively prove that the two* 
allotropes are composed of the same element. 

Uses : (1) White phosphorus is extensively used in the manu- 
facture of red phosphorus. White phosphorus is used in the pre- 
paration of phosphorus pentoxide. phosphorus tri and pentacblo- 
rides, sodium, potassium and calcium hypophosphites, phosphor- 
bronze, (a rust-proof alloy of copper, tin and phosphorus). (2) It is 
used in making incendiary bombs, smoke screens and rat-poisons. 

(3) Red phosphorus is chiefly used in match industry, (4) In the 
laboratory preparation of hydrobromic and bydroiodic acids, red 
phosphorus is used. 

N B. The safety matches nowadays used is made of red phosphorus and 
oxidising agents The match sticks are tipped with a paste of antimony sulphide, 
potassium chlorate (or potassium dichromate, red lead etc) and glue and dried. The 
two sides of the match boxes are pasted by a paper coated with red phosphorus, 
antimony sulphide, powdered glass or pure sand and gum. The friction of rubbing 
on the rough surface of the box with the stick generates enough heat to start tlie 
reaction between red phosphorus and the oxidising agent and sulphur of the 
antimony sulphide at the match-head bums. The wood is often impregnated with 
borax so that it does not continue to burn when it is blown out. 
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Comparison of the properties of nitrogen and phosphoros : Due to 
tne similarities in chemical properties, nitrogen and phosphorus 
have been placed in the same group of elements in the periodic 


Nitrogen (At. 14*008) 

(i) It is a noD-metallic element occurr> 
tng free m nature At ordinary tempera- 
ture, it IS a gas and its molecules are 
diatomic (N.). 

it is non- poisonous and does not 
glow in the dark. 

(ii) Shows allotropy. It has only one 
allotropic modincation called active 
nitrogen whn.h is giaCous at oidioary 
tempei aturc. 

(iii) Not very reactive chemically. It 
is neither combu^tihlc nor a supporter of 
combustion. 

(iv) Show^ variable valency, ordi- 
narily, tri and pentavalem m us com- 
pounds. Thus, nitrogen is trivalenc in 

NH,, Nt Ig etc. and pcntavalent 
in NH^Cl.NH^Br. etc. 

(V; Combines with oxygen at high 
3000X" 

temperature, Ng+O, +2 NO, 

Forms a number of oxides— 

nitrous oxide (NgO), nitric oxide (NO), 
nitrogen trioxide tN-iO,) nitrogen tetro- 
xide (NgO*). nitrogen pentoxide (NgO,). 
Some of the oxides are acidic oxides and 
react with cold water prodi dng oxy- 
acids. 

NgO, +-H,0 = 2HN0, !nitiousac:d) 

Ng0g-i-H,0-2HN0g 

(vi) Several hydrides cf nitrogen arc 
known. Ihe main hydride, ammonia 
(NH,) is colourless, pungent smelling 
gas soluble in water giving an alkaline 
solution. 


(vii) Combines with chloi ine giving | 
NCI, which is a very unstable, explosive 
liquid and undergoes h\droly:»is in w'ater 
NCIg-+ 3HgO- -NH, 4 3jhOCI. 

There is no compound having the for- 
mula NCI, 

(viii) high temperatures, it directly 
combines with metal.'* likt calcium, 
magnesium etc. producing the respective 
nitrides which suffer hydro^sis in hot 
water. 


Phosphoras (At. wt. 30'98) 


(ii It IS a non-metal. At ordinary tem- 
perature. It is a solid audit always occurs 
m the combined state in nature. At 
ordinary temperature, a molecule of 
phosphorus is tetratomic (F*). white 
phosphorus is highly poisonous and 
shows phosphorescence. 

(ii) Shows allotropy. Familiar allo- 
tropes are white and red phosphorus. It 
has other allotropic modifications like 
violet, scarlet, and black phosphorus. 
All allotropes exist in the solid form. 

(iii) Very active chemically. White 
phosphorus catches fire even at the 
ordinary tempend'ire and ignites in con- 
tact with chlorine etc. 

fiv) It has more than one valency. 
Generally, tn and pentavalent in its 
compounds. Thus, it is tri valent in PgOg 
PCI,, PH, etc and pentavalent in PH*1, 
FH*C1. P,Og PCI, etc. 

(V) White phosphorus ignites in air 
even at the low temperature of 35*'C 
35‘C 

p4 + 50,-->2?,0. 

Forms several oxides — 
phosphorus trioxide iPgO,) phosphorus 
pentf)xide (PgOgk phosphorus tetroxide 
PgO*. PgO, and P.^O, are acidic oxides 
producing acids with w'atcr. 

P,0,-i-3H,0 2H,PO, (in cold water. 
p 9 0^-4-H,0--2HP0, (in cold water) 
P.0, + 3H,0 2H,PO* (in hot water) 

(vi) Forms several hydndes. The 
mam hydride is phosphine (PH,) which 
is a colourless gas possessing an offen- 
sive smell like that of rotten fish. Almost 
insoluble in water. Shows slightly basic 
character in phosphonium compounds. 
PK,-»-HI ^PH*! (phosphonium iodide) 

tvii) Combines with chlorine giving 
V .>mparativel} stable coiopouuds like 
»VI,, PCI, which undergo hydrolysis in 
contact with water. 

PCI,4.3H,0- 3HC14H.PO, 

PCl,+4HgO 5HCl4-H,PO*. 

(viti) Combines with calcium, mag- 
nesium etc. forming phosphides at 
high temperatures. Metallic phosphides 
hydrolyse in hot aqueous solutions yield- 
ing phosphine. 


II— 7 
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Nitrogen (Ac. wt. 14'00il) 

Ca,N,+6H.O=3Ca(OH),+2NH. 
(ix) Does not react with chlorine, 
iodine directly. Sulphur, alkalis, strong 
and hot nitric acid have no action on 
nitrogen. 


Phosphorus (At. wt. 30-98) 
6Ca+P*‘«2Ca,P, 

Ca,P,+6H,0-3 OkOH).+ 2PH, 
(ix) Ignites in contact with iodine 
producing PJ^. Sulphur gives diflerent 
sulphides under different conditions. 
Alkalis, strong and hot nitric acid react 
with phosphorus giving phosphine and 


SULPHUR 

bymDoi S 

Atomic number lb 

At. wt. 32*06 

Electronic configuration 

Position in the periodic table VI B 

Is* 2s*2n“3s*1p* 


That sulphur is a distinct element was tirst recognised by Lavoisier in 1774. Its 
existence in the free state and some of its charactristic properties were known to the 
ancients. 

The uses of sulphur in medicines and in industries was known in our country 
even in the period of the Hindu civilisation. 

Sulphur is widely distributed in nature in the free state. In combination with 
metals, it also occurs in ndtuie as various sulphides and sulphates. 


Extraction of sulphur : Sulphur is extracted and puriiied fr<)m 
the sulphur bearing rocks present in nature. Deposits of free 
sulphur occur in abundance m the volcanic rcgicois of Sicily and 
Japan. Nowadays, the sulphur deposits in Louisiana and Texas 
in America are considered to be the mam source of sulphur. 
About 80 per cent of the total sulphur consuined in the world is 
obtained Irom the American source. ^ 

Two methods arc generally employed for extraction of sulphur 
from its deposits. These arc : (a) Sicilian process — used for 

working up the Italian deposits, (b) American or h'rasch process- 
used for raising sulphur in U. S. A. 


(A) Sicilian Proccas : Sulphur bearing rocks found in Sicily 
contain about 20 — IS/o free sulphur besides other inii*urities such 
as clay, sand, limestone, gypsum etc. in this process, sulphur Is 
separated from the said impurities by the process of liquation. The 
rocks are stacked with air spaces on the sloping floor ot brick-made 
sulphur-kilns (also called calcaroni) situated on the sloping hill 
sides and ignited at the top. About ^rd of sulphur is burnt and 
escapes in the form of sulphur dioxide. But this icaction is highly 
exothermic and the heat of reaction melts the remaining portion 
of sulphur which flows down the sloping floor of the kilns and 
collects in the wooden vats The crude sulphur thus obtained 
contains about 5% rocky impurities. In this process, a considerable 
portion of sulphur is used as fuel and is lost. Since fuels like coal, 
woods etc. are very costly in Sicily, it is cheaper to use native 
sulphur as fuel than the imported coal. 

The process of extraction of sulphur from Sicilian deposits has been improved 
by using Gill regenerative kiln which consists of 4 brick-chnmbers connected with 
one another and arranged in circle. The hot gases from one chamber in which 
sulphur has melted are made to pass Into the adjoining chamber to heat up the 
crude sulphur there. Thus, the process continues in series and the fuel expense is 
mtninUsed. 
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Crude Sicilian sulphur is purihed by distillation at Marseilles 
in France where the fuel is much cheaper. 


Purification of sulphur : The impure sulphur is melted in an iron 
pot and the molten sulphur drains by means of a pipe into a cast 
iron retort heated over a fire. Sulphur boils and the vapour is led 
into a large brick-work cham her 


where it condenses first on the 
cold walls as a light *yellow 
powder called flowers of 
sulphur. As the process of 
distillation continues, the 
walls of the chamber become 
hot and when the temperature 
rises above ll3C, the pure 
distilled sulphur melts into a 
liquid and collects upon the 
floor. The liquid is then cast 
into cylindrical rods by tapp- 
ing through the hole and is 
sold as roll-sulphur. 

To get the purest form of sulphur, 
sulphide, filtered and the filtrate is cvai 
pure rhombic sulphur. 



ruftNACE exit hole 

Fig. 2(41) Purification of sulphur. 


roll-sulphur is dissolved in carbon di- 
ed to dryness. The residue left is the 


(B) American or Frasch process : The deposits in which sulphur 
c=p COMPRESSED occufb in Louisiana and Texas arc 
Tf=^kot air peculiar in character. The free 



Fig. 2(42) Extraction of sulphur 
by American process 


sulphur bed he> below the layers 
of clay, sand and limestone at a 
depth of about 800 feet from the 
earth’s surface. The process of 
extraction of American sulphur 
was invented by Frasch and 
consists of parsing superheated 
water under pressure info the 
sulphur bed, melting the sulphur 
and forcing it through a tube to 
the surface. In this process, three 
concentric pipes are introduced 
into the sulphur deposit through 
a hole bored down through the 
clay, sand and lime stone. Water 
heated to 170' C under a pressure 
of 10-18 atms. is sent down 
through the outermost of the 
three pipes (No 1 in the fig.). 
This super heated water melts 
the sulphur below and the 
molten sulphur flows into the 
reservoir at the base of the hole. 


A blast of hot compressed air at a pressure of about 35 atms* 
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is then passed in through the innermost pipe (No 3 in the fig), 
when a frothy emulsion of molten sulphur, water and air bubbles 
rises up the surface through the miodle pipe (No 2 in the fig). 
This sulphur is then collected in the wooden vats. It solidifies on 
cooling and is separated from water. Sulphur thus obtained is of 
9y5% “ 99*970 purity. 

Extraction of sulphur from other sources : Sulphur may be 
chemically recoveicd irom different sulphur compounds produced 
during various inaustrial and metallurgical operations. 

(a) From spent oxide of iron of gas works ; Some hydrogen 
sulphide remains as impurity in the coal gas obtained by destructive 
distillation of coal containing iron pyrites (FeSs). lo absorb 
hydrogen sulphide, coal gas is passed through the purifiers contain- 
ing hydrated oxide of iron (ferric hydroxide). Ferric oxide (hydra- 
ted) reacts with hydiogen sulphide producing ferric sulphide. 

2Fe(OH)3-i-3H3S -Fc,S3-|-6H,0. 

When the oxide is completely converted into the sulphide, it 
loses its power of absorbing and is called the spent oxide. The 
spent oxide is kept exposed to the air where the hydrated ferric 
oxide is regenerated with the separation of sulphur. The separated 
sulphur IS then collected. 

2Fe,S,+30,H-6H,O- 6S+4Fc(OIl),. 

(b) From calcium sulphide^ a by-product of Ltblanc alkali manu^ 
facturing process : Sulphur may also be obtained from calcium 
sulphide obtained as the by-product in the manufacture of sodium 
carbonate by Leblanc process. Since this process of alkali manu- 
facture IS now obsolete, thi<^ process of recovering sulphur is nc 
longer in use. 

(c) From sulphide ores Large quantities of sulphur dioxide 
obtained as a by-product in the extraction of copper, lead and zinc 
from their sulphide ores are absorbed in a cold solution of sodium 
sulphite containing aluminium sulphate. The solution on being 
heated evolves sulphur dioxide which is then passed over white hot 
coke (1100 C). Sulphur dioxide is reduced to sulphur. Sulphur 
obtained by reduction volatilises and is condensed on cooling. 

so.+c-co.t+s. 

(d) From gypsum, CaSO^, 211^0 \ Gypsum when heated to 
about 1400 C with sand, clay and coxe produces sulphur dioxide. 
Sulphur can be obtained from SO 2 by the method discussed above. 

Allotropic modifications of solpbor : Sulphur exists in several 
allotropic modifications. Ihe allotropes do not dilfer much 
chemically but fhow considerable differences m their physical pro- 
perties. Of the five important allotropic forms— two are crystalline 
and three amorphous. 

Crystalline allotropes : (1) Rhombic or octahedral or<-snlphur : 
When roll sulphur is dissolved in carbon disulphide and the solu- 
tion is slowly evaporated, transparent lemon-yellow octahedral 
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crystals of sulphur are obtained. The naturally-occurring sulphur 
remains in the rhombic or «c-form. ft is the most stable form at the 
ordinary temperature. All other allo- 
tropes are slowly converted into the 
rhombic s^ulphur on keeping. Its 
density is 2 05. It melts at 113'C. It 
is insoluble in water but soluble in 
carbondisulphide, hot chloroform, 
benzene etc. ft is a non conductor of 
heat and electricity. Its formula in the 
vaporous state and in solution is Sg. 

(2) Monoclinic or prismatic or 
/^-sulphur : At about 96*5' C, rhombic 

f' i;- converted into the mono- 2<4t, Cystab of sulphur 

clinic form. Prismatic (b) Rhombic 



This variety is easily ohfaincd by melting rhombic sulphur in a 
porcelain crucible and cooling it slowly until a solid crust is formed 
on the surface. Now, the the crust is pierced at two points with 
needles and still liquid portion of sulphur is poured off. On 
removing the crust, long needle-shaped tran<iparent yellow crystals 
of monoclinic sulphur are found in the crucible. 


It is a brittle, transparent and amber-yellow crystalline solid. Its 
density is 1‘93. It melts at 120'C. It is insoluble in water but 
dissolves readily in carbon disulphide. It is unstable at ordinary 
temperature and tends to pass into the rhombic variety on standing. 
It is to be noted that rhombic sulphur is stable below 96 5"C and the 
monoclinic sulphur is stable above 96'5 C. So, 96*5 C is the transition 
temperature at which both the varieties are stable and remain in 
equilibrium. 

Thus, the rhombic form can be coverted into the monoclinic 
form and vice versa by a rise or fall of temperature. 

Above 96 5 C 


Rhombic sulphur Monoclinic sulphur 

Below 96’5'C 

Like the •■c-form, the molecular formula of the i5-form is also S®. 

The eight S-atoms in each molecule of the 
rhombic monoclinic variety form a eight 
membereO zigzag or puckered ring as shown 
in the Fig. 12(43A;J and are linked to one 
another by single covalent bonds. Thns^ 
sulphui having a high molecular weight is a 
solid under ordinary condition. Monoclinic 
sulphur has the similar molecular structure 
but its crystalline structure is different froili 
that of the rhombic sulphur* 



Fig. 2(43A) 
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AmorpboDB solphar : (i) Plastic or 3^*Bolphar : Powdered roll sul- 
phur is melted to a mobile liquid by 
heating in a test tube. The melted 
sulphur on being heated further 
nearly toils boiling point is conver- 
ted into a dark brown liquid which 
is then poured in thin stream in 
cold water in a beaker. It solidifies 
to a soft rubber like elastic material 
called plastic sulphur. 

Plastic sulphur isanelastic amber- 
coloured solid which can be drawn 
into flexible threads orcan be given 
any desired shape. Its sp.gr. is 1*95. 
It js insoluble in water and carbon 
disulphide. At ordinary tempera- 
ture, it hardens slowly ana passes 
into the srable rhombic form on standing. 

(2) Milk of sulphur or ^-sulphur : It is obtained by treating a 
polysulphide like CaS^, or yellow ammonium sulphiGC with dilute 
hydrochloric acid. 

The red solution obtained by heating powdered roll sulphur 
with milk of lime filtered. The filtrate is treated with a little 
hydrochloric acid when milk of sulphut is precipitated out. 

It is an amorphous variety of sulphur. Its sp. gr. is 1*82. It is 
insoluble in water but highly soluble in caibon disulphide. It is 
used in medicine. 

(3) Colloidal sulphur : A milky suspension of colloidal sulphur 
is obtained by adding dilute mineral acids on sodium thiosulphate 
or by passing sulphuretted hydrogen through a solution of sulphur 
dioxide. Colloidal sulphur may also be obtained bv pouring an 
alcoholic solution of roll sulphur into an excess of cold water. It is 
soluble in carbon disulphide and is used in medicine. 

Na.S.Oa-f-HaSO^-NaaSO^+HaO-fS-l-SO, 

S0,-f2HaS = 2H20 + 3S 

Properties of sulphur : Physical — (1) Ordinary sulphur is a pale 
yellow, crystalline, solid non-metal. (2) It is brittle and non-con- 
ductor of heat and electricity. (3) It shows allotropy. The diffe- 
rent ,allotropes have different melting points. Rhombic sulphur 
melts at 113'C giving a yellow mobile liquid, the colour of which 
deepens with rise of temperature. The action of heat on sulphur 
is interesting and is stated below. . 

Action of heat on sulphur: Liquid sulphur undergoes remarkable changes in 
colour, mobility, viscosity etc. when it is heated gradually. Sulphur melts to a cleac 
yeUow mobile liquid at which darkens in colour and turns to deep 

orange with rise of temperature. At temperatures between 160”- 180”C, the liquid 
loses its mobility and becomes viscous. The liquid is almost black and more viscous 
at 230*C. Beyond 230”C, the mobility is however regained. At 444*6”C liquid 
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niifdiur begins to boil. Reverse changes occur when the boiling sulphnr is allowed 
to cool down slowly. 

The change in viscosity above ]60”C is due to the fact that the molten sulphur 
contains two allotropes SX (soluble in CS,) and Sm (insoluble in ra,) in equilibrium ; 
Sx^Sm : Ibe percentage of S/^ suddenly increases when heated above 160”C. As a 

result, the molten sulphur becomes viscous more and more. 

(4 tur is insoluble in water but soluble in carbon disulphide 

and other organic solvents like hot benzene, terpentine etc. Plasitc 
ulphur is insoluble in carbon disulphide. 

Chemical : Sulphur is a chemically active element. (1) It is an 
easily combustible substance. When heated in oxygen or air, it 
melts and burns with a pale blue flame forming sulphur dioxide 
with a trace of sulphur trioxide. 

S-bO^-- SOj ; 2S0,-f0j=2S03. 

Ignition of a mixture of sulphur and potassium nitrate or pota- 
ssium chlorate leads to deflagration or explosion. 

(2) Sulphur combines directly with many non-metals and 
metals cither at room temperature or when heated producing the 
corresponding ^ulphides. 

When sulphur vapour and bvdrogen are passed over red hot 
pumice stone, aaseou^ hydrogen stuphidc is obtained. As a result of 
of the reaction between boiling sulphur and chlorine, sulphur mono 
chloride, an orange liquid, is produced. Red hot carbon reacts 
with sulphur vapours v'clding carbon disulphide which is a liquid 
at the ordinary temperature. It readily combines with phosphorus 
to give phosphorus pentasulphide. 

H^-hS-.HgS ; C*f2S-CS, 

2S+CI, = S,CU ; 4P+IOS-2P3S, 

When heated, sulphur combines with metals like copper^ zinc 
mercury, iron, sodium etc. forming the metallic sulphides. A very 
thin strip of copper jurns brilliantly with a yellow flame in sulphur 
vapour. Sodium or potassium catches fire in sulphur vapour with 
deflagration. 

Cu+S-CuS; Fc-^S=FcS: 2Na-|-S=Naj|S. 

(3) It is not acted upon bv dil. mineral acids and cone, hydro- 
chloric acid. When boiled with cone, nitric or sulphuric acid, sul- 
phur is oxidised. Cone, nitric acid (with bromine as the 
catalyst) oxidises sulphur to sulphuric acid and itself is reduced to 
nitrogen dioxide ; sulphur is oxidised by hot concentrated sulphuric 
acid to sulphur dioxide In ^his reaction, the acid Is also reduced 
to produce the same oxide. 

S+6HN03 = H,S0,-f6N0,+2H,0 ; S+2H3SO^-3SO,+2H.O. 

(4) Sulphur di'^solves in hot alkalis leading to the formation of 
sulphides and thiosulphates. The sulphides may combine with 
excess of sulphur giving polvsulphides. 

4S+6Na0H-'2NaaS-bNa,Sa0.-|-3H,0 ; NajS+4S«Na,S, 

Sodium tbiosulplMte 

12S+3Ca{0H),=«2CaS,-t-CaS,0s+3H80, 
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Thiosulphate radical is formed when an atom of oxygen of the sulphate 
radical 'SO4’ is replaced by a sulphur sulphur. 

Experimeat to prove that all allotropjc modiflcatioDB of sulphar 
coosist of the same element • If a certain fixed quantity oC each 
of the different allotropic modifications of sulphur is separately 
burnt in pure and dry oxypen, equal weight of the same productle 
sulphur dioxide is obtained. S-f-O, = SO9. 

1 gm. of pure powdered rhombic sulphur taken in a small beaker 
is mixed with fuming nitric acid and the beaker is then heated on a 
sand bath. Sulphur dissolves completely and is oxidised producing 
sulphuric acid. The solution when cold is diluted with excess of 
distilled water and boiled again. To the warm solution, a solution 
of barium chloride is added till barium sulphate is completely 
precipitated. The precipitated barium sulphate is collected by 
filtration, washed several tiroes with distilled water and dried in a 
desiccator. The weight of the perfectly dried sulphate is found to 
be 7*28 gms. 

S+6HN0a = H,S0^ + 6N0a+2H*0 
32 98 

HaSO* + BaCla = BaSO^ +2HCI. 

98 233 

It is is evident from the equations that 32 of sulphur give 
233 gms of barium sulphate i.e. 1 gm of sulphur produces 7 28 
gms of BaSO*. 

The same experiment is repeated with 1 gm of each of the 
other varieties of sulphur. It is found that in ail the cases, the 
weight of barium sulphate f jrmed is exactly T2h gms. Thus, it is 
experimentally established that the different allotropes of sulphur 
contain nothing but the same element sulphur. 

Uses: (1) The most important use of sulphur is in the large 
scale preparation of sulphuric acid. (2) It is used in the manu* 
facture of gun powder and for the vulcanization ot rubbet.a process 
which converts the soft pliable rubber into the hard, tough substance 
of which motor tyres and simitar products are made. 

(3) Refined sulphur finds application in medicine as an ointment 
for the treatment of skin diseases. (4) Sometimes, it is used as a 
disinfectant, as a fungicide in agiculture and as an insulator. (5) 
Large quanties of sulphur are used in making calcium bisulphite 
which is used as a bleacher of wood pulp in the paper industry. It is 
largely used in the preparation of other important sulphur com- 
pounds such as carbon disulphide, sulphur chloride (solvent), phos- 
phorus penta sulphide (used in match-sticks), sodium thiosulphate 
(used in photography), vermilion and ultramarine (used as pigments). 

Comparison between snlphor and oxygen : Due to their chemical 
resemblances, sulphur and oxygen are regarded as the members 
of the same family of elements and have been placed in same group 
(group VIB) in the periodic table. 
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Similarities : (1) Both the elements are found to occur free in 
nature. (2) Both of them exhibit allotropy. Ozone is the allotropic 
modification of oxygen. Sulphur exists in both crystalline and 
amorphous allotropic forms. (3) Both sulphur and oxygen unite 
chemically with hydroaen yielding more than one compound such 
as H,0, HjOjj, HjS. H^S,, etc. (4) Carbon burns in oxygen giving 
carbon dioxide (acidic oxide) which reacts with alkalis to produce 
carbonates. Red hot carbon and sulphur vapour combine chemically 
producing carbon disulphide which reacts with alkalis to give 
thio carbonate. 

C-fO, = CO, ; CO,4-2NaOH = Na,COa + HaO 
C4-2S= CS, ; 3CS^ + 6NaOH-2Na,CS3-fNagCO«+3HaO 

(5) Both combine with the metals ; oxygen forms metallic 
oxides and ^ulphur eives sulphides. These oxides and sulphides 
show similarities in their oroperties and structures. 

Fc0^2HCI = FeCI,+H 30 ; FcS-f2HCI = FcCl, + H,S. 

Dissimilarities* (1) At the ordinary temperature, oxygen is a 
colourless gas while sulphur is a slightly yellow solid. (2) Oxygen 
shows a fixed valency of 2 in almost all its compounds but sulphur 
exhibits variable valency in different compounds. (3) An oxygen 
molecule is diatomic and the two atoms are covalently linked to 
form the molec’ le. In oxygen, the attraction between its individual 
molecules is feeble and this is why oxygen is a gas. But the 
atomicity of sulphur depends on the temperature. Ordinarily* its 
molecule consists of eight atoms which are linked covalently form- 
ing a puckered octahedral ring. Due to this structure with a high 
molecular weight, sulphur is a solid under ordinaiy condition. 
(4) Oxygen is not inflammable but is a supporter of combustion 
but sulphur is an easily combustible substance (5) The main 
compound of oxygen and hydrogen is water (11*0) which is a 
neutral liquid. But t' e ^.orresponding compound of sulphur and 
hydrogen is hydrogen sulphide (HgS) wh»ch is a weak acid. 
(6) The oxide of chlorine, ClgO is an explosive but the corres- 
ponding compound of siilphui vitb chlorine is not an explosive. 

THE HALOGENS 

The four non-metals fluorene chlorine, bromine and iodine form a family of 
closely allied elements known as the halogens, meaning, literally, sea-salt producers 
(Greek, hals sea salt and genas produce), as iIicnc dements react with most metals 
to form compounds similar to the sea-salt, sodium chloride. The binary compounds 
of these elements with oDter dements are called ♦be halides. 

Of the four elements, chlorine was Mrt isolated from NaCl. The presence of 
bromides and iodides in sea water was ‘Utected at a later stage The chemistry of 
fluorine is not discussed here as the^ekment has not been included in the syllabus, 

V, CHLORINE 


Atomic number 17 
Electronic configuration 
l8*2s* 2p«3s«3p* 

Position in periodic table VII B 


Symbol Cl 

Molecular formula Cl, 
Atomic weight 35*456 
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Chlorine was discovered and first isolated by Scheele in 1774. The elementary 
nature of the gas was conclusively proved in 1810 by Davy who called it chlorine 
on account of its colour (Greek chloFos« greenish yellow.) 

Being very reactive chlorine does not occur free in nature but exists in large 
quantities as chlorides of many metals The most imporant source of chlorine is 
the common salt or the rock salt. NaCI Sea water contains about 2-3 percent of 
sodium chloride. Besides, it occurs abundantly in minerals like sylvmc (KCI) and 
camalite (KCI. MgCI, in the Stassfurt deposits in Germany. 

Preparation : (A) By oxidising concentrated hydrochloric acid . 

(a) Laboratory method : In the laboratory, chlojine is prepared 
by heating concentrated hydrochloric acid with powdered manganese 
dioxide. Manganese dioxide acts as an oxidising agent and oxidises 
hydrochloric acid into chlorine. 

MoO, H- 4Hri = MnCl , +CI ^ + 2H ,0. 

Some powdered manganese dioxide is takrn in a round bottomed 
flask fitted with a thistle funnel and a delivery tube. Concentrated 
hydrochloric acid is poured down the funnel so that manganese 
dioxide and the end of the thistle funnel rem<iin well under the 
acid. A deep brown solution is formed in the flask. The mixture 
IS then slightly waimeo. Greenish yellow chlorine gas together 
with certain amount of hydrogen chloride and water vapour is 
evolved. The gas convng out of the delivery tube is dhen passed 
successively throueh two wash bottles, the first one containing water 
and the second cone, sulphuric acid. Water dissolves hydrogen 
chloride and the conccrdratcd sulphuric acid removes moisture. 



Fig. 2(45) Preparation of cliionne in the laboratory. 


Chlorine thus dried and purified is collected in dry gas jars by 
upward displacement of air. 

N.B. (i) When chlorine Is babbled through water» water absorbs the acid 
vapour together with some chlorine gas. But the water soon becomes saturated 
in respect of chlorine which then passes on ; HCl being much more soluble continues 
to be absorbed in water which still remains unsaturaied with respea to hydrogen 
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chloride. Chlorine can be collected by the downward displacement of saturated 
brine or hot water in which the gas is much less soluble. It is not collected over 
cold water for its solubility or over mercury which is attacked by gaseous 
chlorine. 

(ii) 'rhe reaction between MnO, and cone. HCl takes place in two stages. The 
dark brown solution formed in the cold contains manganese trichloride which 
decomposes on warming with liberation of chlorine and formation of manganous* 
chloride in solution. 

2IV[nO, + 8HCl--=2MnCl, +4H,04 Cl, 

2MnCI,=2MDCl,+CI, 

2MnO,4 8HCU-2Mna,+2a, 1-4H,0 
Or, 

MnO,+4Ha-=Mna,4 Cl, f 2 H, 0 . 

(b) From a chloride, cone. HsS 04 and MnO^ : 

Chlorine can be prepared by heating a mixture of manganese? 
dioxide, 50;^ sulphuric acid and a clilonde (like NaCl, KCl etc). 
The reaction proceeds in two stages : 

2NaCH-2HaSO^=-2HCi+2NaHSO^ 

2HCl-f-MnOa+H,SO, -Cla-4-MnSO*+2H,0 

^CI + MnOj -f 3HaSO^ - 2NaHSO^ 4- MnSO^ 4-2H,0+CU 

Cone. HgS 04 first acts upon sodium chloride to form hydrogen 
chloride which is then oxidised to chlorine by manganese dioxide. 

The apparatus, purification and collection arc the same as* 
described under the laboratory method. Bromine and iodine can 
also be prepared from a bromide and an iodide respectively by 
applying this process. So this method is regarded as a general 
method of preparati*'‘n of these elements. 

2NaX-f3H,S04+Mn0a=2NaHS04-fMnS04-f2H,0+Xg 

(X=C1, Br or I). 

(c) Hydrochloric acid can be oxidised to chlorine by other 
oxidising agents. Potassium aichromate and lead dioxide oxidise 
hydrochloric acid under hot condition. 

K,Cr,0^ + 14HCl=2KCI+2CrCl3 + 3CU+7Hj0 
PbOa+4HCl- PbCl,-l-2H,0+Cl,, 

The oxidation of HCi c u be brought about by potassium 
permanganate at the ordinary temperature. 

Preparation of pore chlorine at the ordinary temperature : WhcB 
concentrated hydrochloric acid and crystals of potassium permanga* 
nate are made to interact at the room temperature, hydrochloric 
acid is oxidised to produce chlorine. This is a convenient method 
of getting regulated supply of chlorine in the laboratory. 

2KMn04+16HCl=2KCl+2MnCl,+8H.0+5Cl.. 
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IMPURE 

CHLORINE 


Crystals of potassium permanganate are taken fn a conical flask 
fltted with a dropping funnel and a 
CONC. delivery tube. Cold and concentrated 

HCl hydrochloric acid is then dropped 

cautiously on the crystals from the 
dropping funnel. The reaction starts 
^ ' * - r soon as the permanganate and the 

fTlMPURE come in contact with each other, 

-iHw ruinpiMP Chlorine begins to evolve and is 
collected by the upward displacement 
/ »‘v of air. 

/ \ The reaction becomes vigorous and 

/ \ may take place with explosion if excess 

/ \ of hydrochloric acid is added rapidly. 

/ 0 \ Chlorine may be prepared in a KippN 

/ « . 1 . -A irMnO apparatus when a steady supply of the gas is 
required for occasional use. In this case, solid 
potassium permanganate is to be taken in the 
central globe of the apparatus anu concentrated 
hydrochloric acid is to be added through the 
Fig. 2(«) Preparaiton of “> upper globe, 

chlorine at ordinary tempr. Chlorine is also obtained at 

the ordinary temperature by the action of bleaching powder on 
dilute hydrochloric acid. 

Ca(OCl)Cl+2HCl -CaCU+H.O+CI*. 


+Ma 


Fig. 2(46) Preparaiton of 
chlorine at ordinary tempr. 


(B) Electrolysis of hydrochloric acid or some fused chlorides : 
When a strong aqueous solution of hydrochloric acid or fused 
sodium chloride, tin chloride or silver chloride is electrolysed, 
chlorine is liberated at the anode. 


Very pure chlorine is obtained bv electrolysing fused silver 
chloride in a hard glass U-tubc fitted with carbon electrodes. 

Properties • Physical — (1) Chlorine is a greenish yellow gus with 
a choking, unpleasant, irritating smell. (2) It is very poisonous. 
(3) It is 2 5 times heavier than air. (4) It is moderately soluble 
in water but is very slightly soluble in brine or hot water. It is 
much less soluble than hydrochloric acid and may be freed from 
traces of the latter by passing it through water. (5) It can be 
easily liquefied by compressing the cooled gas. 


Chemical : Chlorine’is a very reactive element. 

(0 Chlorine is not inflammable but supports combustion of many 
non-metals and metals. Finely powdered arsenic, antimony, 
pieces of white phosphorus, thin copper foils etc. catch fire spon- 
taneously when sprinkled into a jar ot chlorine with the formation 
of the respective chlorides of the elements. Sodium burns in 
ohiorine with a bright yellow flame yielding sodium chloride. 
2P+3Cl,==2PCIa ; 2Na-|-Cl,=2NaCl 

2P-i-5Clg«2PCla ; Cu +Cl,=CuCl. 

2A6’F30la ®s2AsC!a* 
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Iron, zinc, aluminium etc. directly unite with chlorine at elevated 
temperatures forming their chlorides. 

2Fe+3Cl, = 2FcGl8 ; 2AH-3Cl,=2AlCle. 

Although chlorine combines directly ^ith most elements, it has no action upoft< 
carbon, nitrogen. So the chlorides of these elements are prepared by the application 
of indirect methods. 

(2) Chlorine has got great affinity for hydrogen. Chlorine docs 
not react with hydrogen in the dark but a mixture of chlorine and 
hydrogen when exposed to sunlight explodes violently forming 
hydrogen chloride. A burning jet of hydrogen continues to burn in 
a jar of chlorine with the production of fumes of hydrogen chloride. 

H,+CU = 2HC1. 

Chlorine not only reacts with free hydrogen but also with 
hydrogen present in other compounds. Thus, when exposed to 
direct sunlight or heated, a mixture of methane and chlorine reacts 
with explosion yielding hydrogen chloride and setting free carbon. 

CH^+2Cla=4HCl+C 

A piece of filter paper soaked in turpentine takes hre 

immediately when plunged into chlorine. Carbon is set free in the 
form of soot. 

Due to great afTmity for hydrogen, chlorine behaves as a 
strong oxidising agent. 

(3) The reaction between chlorine and water depends on the con- 
ditions ot temperature and light. 

(a) When chlorine is passed into ice-cold water (O'C), crystals of 
diUerent hydrates (ClfllOH^O, Cla8Ha0,Cla6H,0 etc.) are obtained. 

{b) Chlorine dissolves fairly in water at the ordinary tempera- 
ture giving a light yellow solu- 
tion known as chlorine water. 

This solution smelL strongly of 
chlorine. It is probable that chlo- 
rine water contains hydrochloric 
acid and hypochlorous acid. On 
standing for a long time, hypochlo- 
rous acid dccompoes to produce 
nascent oxygen. The formation 
of nascent oxygen is facilitated by 
strong sunlight. 

HaO-f Cla--=HCl+HOCl->2HCH O 

(c) In bright sunlight, chlorine 
decomposes water giving hydro- 
chloric acid and oxygen. This 
reaction is reversible. 

2Cla+2HaO;?s^4HCl+Ca 

(4) Chlorine is a strong electro negative dement and a powerful 
oxidising agent. It oxidises many substances by uniting with them 
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directly. Thus, chlorine oxidises metallic sodium to sodium chloride, 
stannous chloride to stanninc chloride, a greenish or almost 
colourless solution of ferrous chloride to a yellow solution of ferric 
chloride. 

2Na+C4=2NaCl ; SnCl.+Cl.^SnCl^ ; 

Chlorine can also oxidise by removing hydrogen or an 
electropositive clement from a substance. Gaseous chlorine oxidises 
ammonia to nitrogen (nitiogen trichloride, a violently explosive 
liquid, is formed if chlorine is in excess). When chlorine is 
introduced into a jar of hydrogen sulphide, yellow sulphur is set 
free or chlorine precipitates sulphur Irom an aqueous solution of 
hydrogen sulphide. Hydroicdic acid, on being reacted with 
chlorine, is oxidised to iodine. In all the above reactions, chlorine 
itself IS reduced to hydrochloric acid. 

2NH3+3C1,-N,-|-6HC1 

(HCl formed reacts with excess of NHg producing NH^Cl) 

HaS + CI,-S+2HCK 2HI + C1 ,-Ij,4.2HC1 

It oxidises a bromide to bromine and an an iodine to iodine. 

2KX*hCla- 2KCl+Xj|(X = Br, 1) 

Chlorine oxidises aciaihed feirous sulphate solution to ferric 
sulphate and an aqueous solution of sulphur dioxide (sulphurous 
acid) to sulphuric acid. As usual, chlorine is reduced to hydro- 
chloric acid. In each of the above two cases, chlorine»e\hibits its 
oxidising action in presence of an acid or water by actually adding 
oxygen to a substance. 

C2f^eSO*+H,SO«+Cl, = Fcj(SOJ,+2HCl 
j:»;+S08+2H,0=H,S0«+2HC1. 

Chlorine possesses strong bleaching properties. Chlorine bleaches 
by oxidation. Dry chlorine has no bleaching action. Chlorine can 
bleawh vegetable colours in prcserce of moisture. Actually, the 
nascent oxygen liberated by the reaction between chlorine and mois- 
ture is responsible for bleaching vegetable colouring matter. 

H,0+CI,-2HCl-f0 

Vegetable colouring matter -fO-»oxidiscd, colourless product 

. (59 Chlorine acts on alkalis giving different products under 
different conditions. When chlorine is passed into a dilute solution 
of alkali (e.g. caustic soda or caustic potash) so that excess of alkali 
remains, a mixture of mriaJlic chloride and hypochlorite is formed. 
Cla + 2NaOH - Nc*Cl+NaOCl+HaO (i) 

When excess of chlorine is passed into a hot and concentrated 
solution of an alkali, we get a mixture of metallic chloride and 
chlorate. 

3C1 a + 6NaOH *= 5NaCI+ NaClO. + SH.O. . . . . (ii) 

Here, the hypochlorite formed in the cold is decomposed into 
chloride and chlorate under hot condition. 



THE NON-METALS 


111 


It is to be remembered that the reaction represented by the equation (i) takes 
place in stages as described below. 

CI,+H,Oc=HCl+HOCl 
HCl + NaOH « NaCl+H.O 
H0Cl+Na0H-Na0a+H,0 
e I ^ + 2NaOH - NaCl + NaOCH- H,0 

Again on multiplying the equation (il by 3, we get the equation (ii). 

3CJ, -f 6NaOH = SNaCJ + 3NaOCl -f 3H,0 
3NaOCl -2NaCH-NaC10, 

30, + 6NaOH = SNaO +NaaO, -h 3H,0 

C^lofibe will react with caustic potash giving similar products. 

Hjhlorine reacts with cold and excess of lime water or dilute 
aqueous solution of calcium hydroxide producing calcium chloride 
and calcium hypochlorite. But hot milk of lime on being treated 
with excess of chlorire yields a mixture of calcium chloride and 
calcium chlorate. 

2 CI 2 + 2Ca(OH) s, - CaCla + Ca(OCl) > + 2HaO 
6C1 , + 6Ca vOH) , - SCaCl, Ca (CIO « ) , + 6H *0. 

Dry chlorine gas, when passed over dry slaked lime at 40*^0 
gives bleaching powder (calcium chloro hypochlorite). 

v-' Ca(OH)j-f Cl,-Ca(0Cl)CH-H,0. 

Chlorine docs not react with calcium oxide at the ordinary tem- 
perature. When chlorine reacts with calcium oxide at a red heat, 
calcium chloride and oxygen arc produced. 

^ .2CaO+ 2C4 = 2CaCI, -f O, 

{b) Chlorine combines directly with many non-metallic oxides 
producing additive compounds. Carbon monoxide and chlorine react 
together to form a poisonous additive compound known as carbonyl 
chloride. The compound is also known as phosgene. 

'^CO+Cia^COCla. Nitric oxide and sulphur dioxide give similar 
additive compounds with chlorine. 

2N04 Cl 2 = 2NOCl (Nitrosyl chloride) 
SOg+Cla^SOaCJa (Sulphury! chloride) 

Unsaturated organic substances like ethylene, acetylene etc. also 
react with chlorine yielding additive compounds. 

CaH 44 -Cl 2 = CaH^Cla (Ethylcce dichloride.) 

Experiments to illustrate the important properties of chlorine ; 

(1) Chlorine does not burn but is a supporter of combustion of 
many non-metals and metals, (a) When a piece of dry white phos- 
phorus taken on a deflagrating spoon is introduced into a jar of 
chlorine, phosphorus ignites spontaneously forming phosphorus tri 
and penta chlorides. 

2P+3Cl3=2PCl3 ; 2P+5CU = 2PCl3. 

(6) Finely powdered arsenic or antimony catches fire imme- 
diately when sprinkled into a gas-jar of chlorine. As a result, 
arsenic or antimony chloride is formed. 
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(c) When a piece of molten sodium taken on a deflagrating 
spoon is lowered into a jar of chlorine, the metal burns with a 
bright yellow flame. 

(d) If thin leaves of copper foils are inserted in a jar of 
chlorine, the metal burns in the gas spontaneously with a green 
flame. 

(2) Chlorine has strong affinity for hydrogen. 

(a) A test tube is filled up with a mixture of equal volumes of 
hydrogen and chlorine and is wrapped with a towel. When the 
mouth of the test tube is held before a flame, the gases unite 
instantaneously with a sharp explosion and fumes of hydrogen 
chloride are given olf. Ci,-4-Ha- 2HCI. 

When a burning jet of hydrogen is introduced into a gas-jar full 
of chlorine, the hydrogen continues to burn with a greenish flame 
and clouds of fumes of hydrogen chloride arc seen, whilst the 
greenish yellow colour of chlorine gradually disappears. 

(b) If a lighted candle is lowered into a gas-jar filled with 
chlorine, the candle burns in the gas with a dull-red smoky flame 
with the formation of hydrogen chloride and liberation of free 
carbon in the form of soot. In this case, chlorine attacks the 
hydrogen of paraffin of which the candle is composed of Icavinp 
the black carbon behind, ibis experiment proves conclusive! v 
that chlorine is without action upon carbon. 

(3) Chlorine decomposes water at bright sunlight etching oxygen : 
A long glass tube closed at one end is tilled completely with cnlo- 
fine water and kept inverted over water. 

When the tube is exposed to bright sunlight, chlorine water gets 
decomposed with the evolution of bubbles of oxygen which is 
collected at the upper pan of the tube. 1 hat the c\olved gas is 
oxogen is proved by the fact that it immediately rekindles a glowing 
chip of wood. 

(4) Chlorine is an oxidising agent : 

(i) When chlorine is passed through a solution of ferrous 

chloride, ferric chloride is formeu and the solution becomes yellow 
in colour. On adding a few drops of potassium ferrocyanide 
solution to it, a blue precipitate is obtained This confirms the 
presence of ferric ions in the solution. 

(ii) When chlorine is passed through a solution of sulphur 
dioxide in water (sulphurous acid), the latter is oxidised to 
sulphuric acid which on being treated with batium chlonoe solution 
gives a white precipitate of barium sulphate iusoluble in llCl. 

HaS0a+CU + Hs,0-2HCl+HaS0* 

HaSO^+BaCJs - BaS 04 -f 2 HCl. 

(iii) When a solution of potassium bromide is shaken with 
chlorine wafer, bromine is set free. The liberated ^bromine on 
shaken with carbon disulphide, dissolves in the latter and the 
carbon disulphide layer is coloured brown. 
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Iodine is also similarly liberated from potassium iodide. Iodine 
dissolves in carbon disulphide giving a violet solution. 

(5) Chlorine possesses remarkable bleaching properties ; A dry 
green leaf, a red flower and a piece of litmus paper are introduced 
iQco a dry gas jar filled with dry chlorine. It will be observed that 
the coloui of each of the materials remains unchanged. But all the 
materials inside the jar are bleached when a little water is added to 
the jar. This proves that dry chlorine does not bleach dry colouring 
matter. But the moist chlorine bleaches ail vegetable colours. 

It IS to be noted that moist chlorine cannot bleach printed papers. The printer's 
ink contains fite carbon which is not attacked by chlorine. Chlorine has no actida 
on papers carrying lead pencil marks 

it has beep observed that when a piece ol moi^t blue litmus paper is held la 
chlorine gas the in mus paper first terns red and then becones colourless. The 
whang s of colou*- may be explainer! thus 

Chlorine first le'^cts VMtb moisture ( water ) producing b>pochlorous acid and 
hydiochloric acu' \*hiwh Urns blue litmus red 
1 1,0 Hon-I HCl 

The red colour thus formed lo next bleached by chlorine as usual. 

Uses : (d) In the htenlibatioo of water, chlorine is used as a 

disinfectant (b^ Chlorine is extensively useJ as a bleaching agent 
in papei .nd textile industnes (c) It is also used in the manufacture 
of bleaching powder, chloroform, gamoxen, DDT. bromine, many 
metallic chloiates and chlorides. At present, chlorine finds its 
application Vi the commercial production of hydrochloric acid by 
synthetic method \d) Miny poison ga^cs, sue i as phosgene, 
mustard gas, chloropicnn are prepared with the help of chlorine. 
Sometime), chloiine itself is used as a poison gas. \t) It is used in 
the extraction of gold. 

Tcst<» : Chlorine can be detected by its greenish yellow 

colour and peculiai irritating smell. 

(b) ^henapiec of paper moistened a starch potassium 
iodide soil tion is held in chlorine, the paper turn') blue. This is a 
very reliable test for identificuion of chlorine. Chlorine liberates 
iodine form potassium lociii. and the iodine produces a blue 
colour j‘io \ w ith jFcb 

2K.T + ( Ifl- 2KC l + lj, , Surch substance. 

Proof of the prc^criit >>f oxygen and iliKiiinc in pohissium chlorate 

Oxygm Wn^n i ujxturt of pofdSMum chorale and manganese dioxide is 
heated in a h^ird gliNS lest tube, potassun cblordtc decomposes to produce 
potassium cblondt andtxv'en M nganc c < oxid» acts as a (.at alyst and remains 
uQchanj:t.d at the ui d of iJ e rtactiop 

?k< lO, r luO 2KC I 1, t ^ [MnO.l 

Th?l the as omiigiut of ihc tube is oxygen ix prosed by the fact that it 
rekindles a glowi j cl ip ol wood 

Chlaiine Iheic idoc ’eft in ihe test tube after the removal of oxygen is a 
m xtur« of potiissium chloride and manganese dioxide When the mixture is heated 
with cone, siilphunr acid hlonne is liberated as a greenish yellow gas, 

2KCH-MnO, 4 . 3 H,S 04 - 7 KHS 04 +MdS 0 *-‘ CJ,+2H,0 

The gas turns starch potassium iodide paper blue. This test clearly conjSnns that 
the evolved gas is chlonne. 

II-8 
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Bromine 


Symbol Br Formula Br, At. wt. 79'916 

Atomic number 3S Position in periodic Table VIIB 

Bromine is not found free in nature. It occurs chiefly as the bromides of 
potassium, sodium and magnesium in sea water and Stassfurt deposits in Germany. 

Bromine was discovered by Balard in 1S26 by the action of chlorine on the 
mother liquor left after the crystallisation of common salt, (NaCI) from sea water. 
This liquor contained bromine as magnesium bromide. 

Preparation : (A) Laboratory method : lo the laboratory, bromine 
is prepared by carefully heating a mixture of potassium bromide (or 
sodium bromide), manganese dioxide and concentrated sulphuric 
acid. 

2KBr -f MnO, + SH.SO^ = MnSO* + 2KHSO * -f Br, + 2H,0 

An intimate mixture of potassium bromide, manganese dioxide 
and fairly strong sulphuric acid is taken in a stoppered glass retort 
which is placed on a wire gauze and clamped with the stand. The 
long end of the retort is introduced into a round bottomed flask 
kept cooled by a stream of water. 

On heating the retort cautiously, bromine is liberated as a red 
gas and condenses to a dark red liquid in the cooled flask acting as 
a receiver. 


C ONC Hi SO4 



Pig. 2^48) Preparation of bromine in the laboratory 

N.B. Bromine may be obtained by heating potassium tbromide only with 
concentrated sulphuric add. In this case, the hydrogen bromide initially forint 
by the action of potassium bromide on concentrated sulphuric acid gets oxidised 
to bfomine by the acid, 

KBr+H,S04-KHS04+HBf ; 2HBr-|-H,S04*Br,-f 2H,0+S0, 

Addition of manganese dioxide fadlitates the reaction, 

(B) Bromine can also be prepared by passing chlorine into a 
concentrated solution of potassium bromide. 

2KBr+Cl,*2KCI+Br.B 
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Praveities : Physical— (0 At the ordinary temperature, bromine 
is a deep red liquid. Althouth it boils at 5V°C, the liquid is very 
volatile and rapidly gives off red vapours. Bromine is the only 
non-metal which is a liquid at the ordinary temperature. (2) Bromine 
is a heavy liquid (sp gr. 3 IS) (3) It has a strong pungent and 
suffocating odour It is highly poisonous The bromine vapour 
easily attacks the eyes, nose and throat. The liquid bromine corrodes 
the skin severely. (4) It is slightly soluble in water, and the 
aqueous solution is reddish in colour. It is highly soluble in organic 
solvents like chloroform, alcohol, ether, carbon disulphide giving 
reddish brown solution. 

Chemical : Bromine shows close simlaiity with chlorine In 
chemical behaviour but it is less active than chlorine. 


(1) Bromine vapours are not combustible and ordinarily do not 
support combustion But many non-metals and metals burn 
spontaneously in bromine vapour. It reacts with many non-metals 
(except carbon, nitrogen and oxygen) yielding the respective bromi- 
des Metallic potassium burns with explosion yielding potassium 
bromide. 

2P-l-3Br,=2PBr, , 3be-l-4Brj=Fe,Bre 
2P-l-5Br,=-2PBr, 2K-|-Br3 = 2KBr. 

(2) Bromine has lesser affinity for hydrogen than chlorine. 
Bromine and hydrogen do not combine at the ordinary temperature. 
Bromine unites slowly with hydrogen in sunlight but reacts with 
hydrogen easily when heated yielding hydrogen bromide Here, 
bromine behaves as an oxidising agent. 


H,-fBr,=2HBr. 

(3) Bromine is slightly soluble in water giving a reddish solution 
known as bromine water which is fairly stable in the dark but 
decomposes to produce oxygen in the bright sunlight 
2Br,-l-2H,0=4HBr-l-0, 

Saturated aqueous solution of bromine, on cooling ice, 
separates different crystalline bromine hydrates, such as, 

Br,. 8H,0; Br.lOH.Oetc. 


(4) Bromine acts as an oxidising agent but its oxidising action 
IS milder than that of chlorine It oxidises hydrogen sulphide to 
sulphur, hydrogen iodide to iodine and aqueous solution ot sulphur 
dioxide ’(sulphurous acid) to sulphuric acid. In each of the above 
reactions, bromine is reduced to hydrogen bromide. 


H,S-l-Br,=2HBr-fS 2HI-f Br,=2HBr+I, 
v-80,-l-2H,O-l-Br,=H,SO*-l-2HBr. 


Bromine can oxidise ferrous sulphate to ferric sulphate and 
liberates iondine from potassium iodide by oxidation. 

^ fiFeSO*-f3Br.=2Fe,(SO*),-»-2FeBr, ; 2KI-hBr,-2KBr-H, 
Bromine possesses feeble bleaching property. It bleaches Utams. 
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(5) Bromine resembles chlorine in its action upon alkalis. It 
reacts with an excess of cold and dilute solution of an alkali (caustic 
soda or caustic potash) yielding a mixture of bromide and hypo- 
bromite. 

Bra+2NdOH = NaBr+NaOBr-fHaO 

Excess of bromine on being reacted with hot and strong alkali 
solution yields bromide and bromate. 

3Bra-H6NaOH - 5NaBr+NaBrO« -f 3HaO. 

Bromine reacts with alkaline hydrogen peroxide solution 
liberating oxygen. 

^.0,+2Na0H+Br. ^ 2NaBr-f 

(6) It gives addition products unsaturatcd compounds 

like ethylene etc When ethylene is passed through bromine water, 
an addition-product named ethvlene dibromide is formed and the 
colour of bromine water is discharged. (\fI4-f Br^ -CaH4Brj 

Experiments to illustrate the important properties of bromine : 
(1) Bromine is heavier than glas^. When a glass stopper is plunged 
into bromine taken in a beaker, the stopper is found to float on the 
surface of the liquid. 

(2) Bromine is soluble in carbon disulphide. C arbon disulphide 
is added to bromine water taken m a test tube. When the content 
of the test tube is throughly skaken, bromine is found to dissolve in 
carbon disulphide producing a reddi<«h brown solution 

(3) Bromine is not inflammable and generally do^:^ not support 
combustion. When a lighted i ipcr is lowered in a jar of broinine 
vapoui, the taper is extinguished and the bromine vapour does not 

burn. 

But a burning jet of hydiogen continues to burn in bromine 
vapour giving hvdrogcn bromide Brj,=-2HBr. 

If a little arsenic powder IS ousted lu u jar of bromine vapour, 
arsenic burns spontaneously with reddish white flame yielding 
arsenic bromide, 2As+3Bra =2AsBr, 

A piece of moist litmus paper is slowly bleached when ph>ced 
in a gas-jar containing bromine vapour. 

Uses : (1) Bromine is extensively used in the preparatiou of 
various useful bromides like potassium bromide, silver bromide etc. 
Silver bromide finds its application m photography and potassium 
bromide is used in medicine as a hypnotic. 

(2) Bromine is aJriO employed in the manufacture of organic 
dyes, methyl bromide (used as a fire extinguisher), ethylene dibro- 
mide (used as an antiknock agent in petrol), lead tetru ethyl (used 
in petrol) and tear gases. 

(3) Bromine is used in the bromination and oxidation of 
organic compounds. 

(4) Sometimes, bromine is used as a disinfectant. For this 
purpose, kieselghur is saturated with bromine and sold under the 
trade name solid bromine* (bromum solidificatum). 
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Testa : (1) B <* 01 x 1106 can be detected by its deep red colour and 
irritating smell. (2) Is turns starch solution orange-yellow. (3) A 
piece of piper soaked m starch potassium iodide solution is turned 
blue by bromine (4) When shaken with carbon disulphide or 
ether, b*’omme dissolves in the liquid imparting to it a reddish 
brown colour. 


IODINE 

Symbol I, Mol. tormula Ig, At. weight 126 92 

Atomic number 53 Position in periodic table VIIB 

Iodine does not occur free in nature It is found in nature in combination with 
^ome metals Some iodine compounds arefLund in seawater, 'ca weeds and sea 
animals It occurs in i»mall quantity as sodium lolat'* which associated with 
Chile saltpetre Iodine is also present in cod liver oil in the thvroid glands of 
animals md in milk in very minute imounti 

It ni2, C ourtois discovered the element from the ash (kelpi produced by bum- 
in scT-A'ctcl Gay Lussac named it iodine for us violet colour Greek word lodul 
mtails \ lol'^O 

Proparjition (\) Laboratory method In the laboratory, 
ioiine i> prenared by bcitins i 1 .xture of poi ♦'■*1 im iodide (or 
10 * nm io iiJe , ni d * i^d onLpntrac-d sidphuricacid. 

:ivT i-M H)a f 

I p <v ({ p ti'-iuiPN jtli^ iiv* t^cinesc dioxide aid concen- 
<ra^r > ’ ii c id 1 l<i1 a n a < | e»e * plass /Cvoit the end of 

I a (' I to \v ifcr-iooled 10 m -hottomca flask acting 
as a v-r be i 1 ^ t^cn i< icfillv h-^atej vi hen iodine is set 
tr c. 1 tblir ’ // a*, V o fc ' p »-rs sr\ ]) L*.ndcnsc *n the cooler 

I to* ^ ^ oi t ir * It *n 1 111 the »ri js »hmp» black 

Inc i'* Ji - IS i>\ 1 iai\ V CK ol J pot u n iodide and 

i ;hmi. - whe pul * 1 mJ .e * ubt ♦ » e f , 

n I ui c Uo cc Djcp^’ I by p >mg cl lorircgas into a 

stro'»g I t Oil 01 todu'c 2KN .KCi j- la 

Prop itie* Ph\ ncal v*/ * orunry I iiiue aturc, looine is a 

J -rk givV rrvNiaihnc solid vvith a nctil'ic lu^i»e. 

(2/ it IS directly tiaipformcj »iilo violet vapouis on healing. 
When heat d to above 700 C lod nc undergot> thermal dis'iociation 
and its didiomic molecules are converted into monatomic molecules. 

Ia?=i2l, 

(3) It IS very slightly soluble in water but fairly soluble inorganic 
solvents like alcohol, carbon disulphide, chloroform, ether etc. The 
colour of the solutions differs with different solvents. (4) Its density 
IS 4 9. 

Chemical *. Of the halogens, iodine is the least active element 
bat shows close resemblances with chlorine and bromine in chemical 
properties. 
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(1) Iodine unites directly even at ordinary temperatare^ with 

phosphorus, chlorine, bromine, mercury etc. producing the respec- 
tive iodides. 2P+3Ia ^2Pf . 

T9+3Cls = 2IClf (Iodine trichloride, a yellow crystalline solid) 
T,+Cls=:2ICI (Iodine monochloride, a red solid) 

-2IBr (Iodine monobromide, a black solid) 

If a mixture of iodine and mercury is rubbed in a morter, green 
mercuric iodide and red mercurous iodide are formed. The nature 
of the iodide formed depends on the quantity of mercury used. 

2Hg+Ifl =HgaIa (when mercury is in excess) 

Hg-f I9 = Hgl, (when iodine is in excess) 

(2) The iodine vapours do not burn but support the combus- 
tion of white phosphorus, arsenic, antimony etc. The combustion 
of these substances in iodine vapours takes place less energetically. 

(3) The aflSnity of iodine for hydrogen is less than that of 
chlorine or bromine. It does not combine readily with hydrogen. 
Combination between the two elements takes place on heating in 
presence of a catalyst like platinum or tungsten. 

H3+Ia^2HI 

(4) Iodine is practically Insoluble in water but is highly 
soluble in an aqueous solution of potassium iodide giving a 
brown solution due to the formation of potassium tri-locyde. 

K1+I,^KI,, 

Thus, iodine cannot be separated from a mixture of iodine and potassium iod'de 
by dissolving the soluble iodide in water. Iodine from such a mixture is separated 
by the process of sublimation. 

(5) Iodine possesses mild oxidising properties. When hydrogen 
sulphide is passed into a suspension of iodine in water, the former 
is oxidised to sulphur by iodine. Iodine oxidises the aqueous 
solution of sulphur dioxide (sulphurous acid) and a sulphite solution 
to sulphuric acid and a sulphate respectively. In each case, iodine 
itself is reduced to hydro iodic acid. 

I,4-HaS=2HI-|-S ; I^+SQ.-f 2H,0- H,SO,+2HT 
I,+Na,S 03 +Ha 0 ^NaaS 04 + 2HI. 

Iodine reacts with sodium thiosulphate giving sodium tetra 
thionate and sodium iodide. In this case, the colour of iodine gets 
discharged. 

2Na.S,OB+l8=Na,S^Oe+2Nal. 

As iodine Is insoluble in water, it has no bleaching property. 

(6) Iodine resembles chlorine or bromine in its action upon 
alkdis. With excess of a cold, dilute solution of an alkali (sodium 
hydroxide, potassium hydroxide), iodine produces iodide and 
hypoiodite. 

l8+2NaOH=NaI-hNaOI+HBO 
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Excess of iodine on being reacted vith a hot and concentrated 
alkali solntion gives iodide and iodate. 

31, + 6NaOH » SNal + NalO, + 3H,0. 

The hypoiodites are very un4able compounds and pass into 
iodates and iodides simply on standing. 

Iodine dissolves in alkaline hydrogen peroxide evolving oxygen, 
H,0g-f2Na0H-|-I, = 2NaI+2H,0+0, 

(7) Iodine cannot displace chlorine or bromine from a chloride 
or a bromide. However, iodine can displace chlorine or bromine 
from potassium chlorate or potasium bromate. 

2KXO,-f I,=r2KlO;+X,(X = Cl or Br) 

(8) lodmc is the only halogen which can be oxidised by con- 
centrated nitric acid to iodic acid 

31,4- lOHNO, - 6HIO, -f IONO+ 2H,0. 

(9) The electronegative character of the halogens gradually 
decreases with increasing atomic weight. Thus, although being a 
non-metal, iodine behaves like an electropositive element in some of 
Its compounds, such as, 

ICI— iodine tnonochloride, ICl,— iodine trichloride 

ICN— iodine cyanide etc. 

(10 Iodine produces an intense blue colour with starch solution. 
The colour disappears on heating but reappear on cooling. 

Experiments to illustrate some of the properies of iodtine - 

(1) Iodine directly combines with mercury, white phosphorus and 

arsenic giving the corresponding iodides Mercury mixed with excess 
of iodine is rubbed m a mortar when yellowish red mercuric iodide 
IS formed. Hg4-l, = HgI,. 

When a piece of white pbosporus is kept in contact with iodine 
in a porcelain basin, phosphorus hrst melts and then reacts so 
vigorously that the mixture bursts into flame. 2P*f3I,~2PIg. 

If antimony powder is sprinkled into a jar of iodine vapour, 
antimony takes fire at once. 2Sb-|-3I,-=-2SbIa. 

(2) A little iodine is added to starch solution when a deep 
blue colouration is produced. The blue colour disappears on 
heating but reappers on cooling. The blue solution becomes 
permanently colourless on adding ammonium hydroxide. 

(3) Iodine is highly soluble in potassium iodide solution. A few 
crystals of iodine are shaken with water taken in a test tube. The 
element practically remains undissolved. On adding potassium 
iodide into the test tube, iodine readily dissolves giving a brown 
solution. 
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(4) It gives off its vapour directly when heated. When some 
crystals of iondine are dropped into a heated flask, ihe flabk is filled 
with violet vapours of iodine in no time. A piece of paper mois- 
tened with starch solution turns blue in the vapours 

Uses : (1) Iodine finds considerable use in medicine. It is an 
excellent disinfectant and is much used for the treatment of small 
wounds as tincture of iodine, a 10% solution of iodine in potassium 
iodide and alcohol. 

(2) It is employed in the manufacture of certain dyes, iodoform 
and potassium iodide. Potassium iodide is used in photography 
and iodoform as an antiseptic in dressing wounds. 

(3) It IS also used in volumetric analysis. 

(4) As a mild oxidising agent, iodine is used in organi: syntheses. 

Tests : (i) Iodine produces violet vapours when Un crystals are 
dropped in a hot flask. 

(2) Iodine produces an inten:>e blue colour on with starch 
solution. This is a very characteristic test foi loci rc 

(3) It dissolves in carbon disulphide yielJin » m ’ J solution. 

(4) It yields iodoform (a >eIlow, silky cf'- dail i c < on pound 

with characteristic smell) when it is warmed with etb\ aic>».ol oi 
acetone and caustic soda solution. * 

Comparison between chlorine, bromine and iodine : Cl Inline, 
bromiiic and iodine belong <o the same ^anr, r» IcJtcd 

elements known as halogens Ihc^-e cJcircnu h \ icrr *kdble 
resemblances in proocriies a^d di^'plav a ver w J - i t pr jalioti 
in their physical aod cheniical chara^^tenstK ^ ^ vc ni g atomic 

weights. 

Each of these elements is a non-metol. Non. of Ofoi u found 
free in nature They occur in nature m d'on with the 

metals. Three elements can be prcpaied o? the luboitfoiy by the 
application of a similar process. 

2NaX+MnO,-f3HaSO^- 2 NaHS 04 -| MnSO* \ \^ + 2H^O 
(X-Cl, Br, I) 

They are all monovalent, highly clcctro-negcdivc elements and 
their molecules are diatomic in the gaseous state. 

The identical structuie of the outermost electron layers of the thiee halogens 
accounts for their similanty both in their chemical behaviour and in the types and 
properties of the compounds they form. 

Their atoms are characterised by an outer group of seven valency electrons. 




readily form ions with a single negative charge Cl'*, Br~, I". 

dUorine atom chlorine ion 

[2.8.7] I2.8.8r 
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The gradation in physical properties is tabulated below. 


Physical property 

Chlorine 

Bromine 

Iodine 

Atomic weight 
Atomic number 

35-457 

17 

79-916 

35 

126 932 

53 

State of aggression, 
colour, odour 

Greenish yell- 
ow gas with 
irritating smell 

Deep red li- 
quid with ex- 
tremely irnta- 1 
1 ting smell 

Dark, violet 
crystalline so- 
lid with meta- 
lliclustre. Vio- 




let in gaseous 
state. 

Heaviness or sp gr. 

2} times hea- 
vier than air. 

Sp. gr. 3 19 
(liquid) 

Sp gr. 4 94 
(solid) 

S liability ifi wat^r 

Fairly «ohiblc 

1 1 esa soluble 
than thlonnc 

Practically in- 
soluble 

Melting poip^ 
iiling pont 

-102 4 r 



I — 7 7 C 
''S2 C 

I136C 
i84 S C 


It lb to be roted that the den ity melting and bo ling points 
gradually * crci with i ‘crc item c \yei»jht I he colour is also 
dcrpcpc \f, r 1 erv t n utomi wugu 

Ihccitn • » 1 KtivU ' r! • creu^^rg lomic weight 

*s <11 o c J* 1 o I cj \ e 

Rcait fir with h>dr^>'*fn • Ml t fh'c* t ntt is u ii e with 
ivdn '-n til* V If ? cn h h ‘ 

H , t \a ^U\ (H L r ' 

The Jii > "n ^ » n mm *• ii* < i ii i )J«ne. 

lOr r * ors ^ ct w »h h ^ ^ i i * u k Jt mixtuie 

f I hh""! K I dif 1 lib PC ^ pi > » » on f \ o nrc to 
jnligil n o ne «ij ic> ^vh h,d o u s \ u l This 

1 cat Mon i k ^ fd\vO • vs - i lU * ^ rpf i v ^^ilovon 
Iodine dots xi t <Oiioip* tc id*iv v^ i h r i n v > ' i lation 
hetwe-p (!♦'* u 0 *-. parti P/ on hr Mr m' r ■* c f a Ualyst 

MVe piatifi’ 1 1 

Ih-st. b i Y of the h>oi ven h 1 ^ . o.vi'ibt ^ km pally from 
hvdrof;**n t bio'll ie to h'dro cn ivtuic c h >t the reaucirg power in- 
creases accori.i*fg to this orjcr these hydrides, hydrogen 

iodide IS the le^st stable and dissociates e\en at lo er temperature. 

2Hr?=iii,+i, 

In aqueous solution, HCl HBr and HI dissociate »o a greater 
extent and are strong acids of about equal strength Silver salts of 
all the three halogen hydracids are insoluble in water 

(b) Reaction with water Chlorine decomposes water in bright 
sunlight yielding hydrochloric acid and oxygen. 

Bromine decomposes water comparatively slowly when kept 
exposed to sunlight. Iodine has no action on water. 

2X.+2H,0=4HX+0,[X=C1, Br] 
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Chlorine and bromine react with ice-cold water forming crys* 
talline halogen hydrates such as Cl^ 6H^O, Br^ lOHaO etc. 

(c) Action on alkalis : Chlorine reacts with a cold, dilute 
alkali solution giving chloride and hypochlorite ; with a hot and 
concentrated alkali soluHon, it produces a mixture of chloride and 
chlorate. Bromine and iodine give similar salts under identical 
conditions. 

X,+2NaOH=:NaXf NaOX-|-H,0(X = CI, Br, I) 

3X, +6NaOH = 5NdX 4- NaXO. -f 3H,0. 

(d) Reactions with non-metals : Chlorine combines directly with 
many non-metals except oxygen, nitrogen and carbon. Bromine 
does not react with oxygen, nitrogen, carbon and silicon. Iodine can 
only unite with phosphorus, arsenic, hydrogen and other halogens. 

(e) Reactions with metals t Almost all the metals are attacked 
by chlonoc. Most of them burn m the gas giving metallic chlorides. 
Bromine attacks many metals but few of them burn in bromine 
vapours. Iodine combines with a few metals producing iodides. 

(f) Oxidising and bleaching properties : The three elements are 
considered as oxidising agents ; their oxididing power decreases 
with increasing atomic weight. Similarly, the bleaching action 
diminishes from chlorine to iodine which uas practically no bleach- 
ing power. 

(g) The action of the halogens on starch solfftion is also 
remarkable. 

Clj-hstarch solution-»no change of colour 

Br,4- „ „ -♦solution turns oiangc yellow 

1,4- „ „ -^solution turns intense blue. 

(b) Power of substitution : Chlorine can displace bromine or 
iodine from a solution of a bromide or an iodide. Bromine can 
only replace iodine from an iodide solution. Iod*ne can never 
replace chlorine or bromine from a chloride or a bromide solution. 

2KXxCU-2KC14XJX-Br, I] 

2KI + Br,-2KBr-|-I, 

(i) Power of forming oxide«i and oxyaclds : The three halogens 
chlorine, bromine* and iodine can give rise to various oxides and 
oxyacids. The following oxides of chlorine arc known. 

C1,0 CiOg, CJgOe and 01*0^. 

Bromine forms unstable oxides, such as BrgO, BrOg, BrgOg etc. 
Comparatively stable iodine oxides — Ig04. T4O9. I4O0 etc. are 
known. Three halogens form oxyacids of the types HOX and 
HXOg. Chlorine and iodine can form per chloric acid HCIO4 and 
per iodic acid HLO4 respectively. The stability of the oxyacids 
increases from chlorine to iodine. In the oxides and oxyacids, the 
halogens remain in various oxidation states varying from 4-1 to 4-7. 
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The electronegative character of the halogens gradually decrea- 
ses with increasing atomic weight. In compounds like ICl, ICfg, 
iodine behaves like an electropositive element. 

Mannfactnre of chlorine* bromine and iodine : Industrial methods 
of preparation of these three halogens have not been included in 
the syllabus. A brief account of the commercial processes is given 
here just to keep the students familiar with these processes. 

Manofaclnre of chlorine • Chlorine is manufactured by three 
different processes. 

(A) Electrolytic process : Chlorine is at present manufactured 
almost exclusively by the electrolysis of brine (an aqueous solution 
of cheap and easily available sodiumchloridc). In fact, it is obtained 
as a by-product in the electrolytic production of sodium hydroxide 
and metallic sodium. Sea-water is u^ed as a source of sodium 
chloride. 

A concentrated solution of the-salt (brine) is obtained by partial 
evaporation of the sea water. When electric current is passed 
through the brine using suitable electrodes, sodium chloride 
dissociates and liberates gaseous chlorine at the anode. 

NaCI?±Na+-f Cr ; 

At the cathode, c-»H At the anode, Cr-c-»Cl 

Cl+Cl-^CU 

The chlorine obtained by the process is pure and concentrated. 

(B) Weldon process . The reaction of the process is similar 
to that taking place m the laboratory method of pscparation. 
Pyrolusite (mineral manganese dioxide containing about 10% feme 
oxide) mixed with concentrated hydiochlonc acid is heated by 
means of steam in heated stoneware stills. Cbloiine evolved and 
passes out through an exit pipe. 

MnO*-f 4HCI= MDCU + 2H,04CIa. 

In this process, a pait of hydrochloric acid is transformed into 
chlorine and the rest is used up to convert manganese dioxide into 
manganous chloride. The commercial success of this method 
depends on the fact that the manganous chloride is reconverted 
into manganese dioxide, which is then used again and again. 

The spent liquor containing manganous cbioride. ferric chloride 
(produced by the action of HCl on Fe^On) and unreacted acid 
is taken in a tank and is mixed with lime stone. As a result 
excess of acid is neutralised and ferric chloride is precipitated 
as ferric hydroxide. The liquor is then allowed to settle down 
and the clear solution of manganese chloride from the top 
is taken to an iron cylinder where it is treated with excess of milk 
of lime. Steam and air are then blown through the mixture in such 
a way that the temperature remains at 60' C. Manganous chloride 
through a series of reactions is converted into calcium manganite 
which can be used to oxidise further quantity of hydrochloric acid. 
The manganite settles to the bottom as a dark coloured mud known 
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as Woldon mud. The reactions in the recovery of manganese dioxide 
are probably 

MnC)a4Ca(OH), = Mii(OH).+CaCU 

2Mn (OH) j 4 2Ca(OH) ,40.= 2Ca MnOp 4 4HaO 

(CaO MnO,) 

CaMnOH4 6HCI = CaCI,4MnCl,43H,0 

The process gives chlorine in comparatively pure and concen> 
trated form but the whole of hydrochloric acid is never oxidised to 
chlorine. This method is now obsolete. 

(c) Deacon process The process is based on the oxidation of 
gaseous hydrogen chloride at 450'’C tc chlorine by atmospheric 
oxygen in presence of anhydrous cupric chloride catalyst. 
4HC140,-2C1,42 HsjO. 

The mechanism of the catalytic reaction is 
4 CuCI,7^ 2 CU 2 CI, 4 2CI, 

Cupnc c hlodilc Cuprous chlondc 

2Cu,a,40, = 2CuaOCl, 

Copper oxychloride 

2Cu,0aa i 4HCl«:felCuC442H,0 

4HClTo74r4CuCi^2a,f2H,^^^^^ [4Cu( ij 

Cupric c‘ loiK e is regcnciatcd and tic prorc^ >^ 0 ?*- opi^ojitmually. 
Cuprous chloride fotraed acts as a earner of cx> \ » p 

This pToc<jb:> pi ounces much imphre and diluted chlonrc. But 
thi chlorj* f cap aiely be u ed in j rep on of I Ic.^thing 
p 'iwdcr. * i’ls js al>o ar o u-o date r»ct.u>d 

Maniifuctorc ot bromin^' : Mincrrl ran Jitc KCI MgC 611^0 
ofStassiurt dtpo.>it and bcj-water ar^ Oc source^ f< r indu^uml pro 
duction of bromine 

(A) Hroniinc from caiitahiL Cir/iaiite contaihs about i' 
mugnesium bron^id^ and a little medium rnomide. 

The mother liquor lelt after the cry stid I. nation of potassium 
chloride from the solution of powdered c^iri'cbtc is commonly 
known as bittern and is found to contain 0 25 ihnMnmcas magnesium 
bromide Bromine is extracted from the liquor by allowing the 
same to flow down a tower through which a stream of chlorine 
passes upward. 1 hese react, giving bromin''* 

MgBr,4CJ, = MgCI,4Br,. 

(B) Bromioe from sea water : In U.S.A, bromine is nowadays 
recovered on a large scale from cca-watcr. Sea-water is acidified 
with sulphuric acid and saturated with chlorine when bromioe 
is set free, 

MgBr,4Cl,=MgCl,4Br, ; 2NaBr4Cl, = 2NaCl4Br, 

Bromine thus liberated is blown out by a current of air and is 
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absorbed io hot caustic soda or sodium carbonate solution. As a 
result, it forms soluble sodium bromide and sodium bromate 
3Br , 4-6NaOH = 5NaBr+ NaBrOa + 3H .O 
3Bra -h3Na,COa « SNaBr+NaBrOg + SCO, 

The resulting mixture of the two salts on acidification liberatea 
free bromine which is carried out by steam. 

SNaBr-f NaBiOa + 3H,SO^ = 3Br. + 3Na ,80^ -f 3HaO. 

Manufacture of iodine : 

(A) From sea-weeds : Dried sea-weeds are burnt and the 
resulting ash, called kelp contains about 1% iodine as sodium and 
potassium iodides. The kelp is extracted with hot water and is 
filtered to remove the insoluble matter. The filtrate is concentrated 
and cooled when the less soluble sodium and potassium sulphates, 
carbonates and chlorides crystallise out leaving the more soluble 
iodides of these metals in the mother liquor. 

The concentrated mother liquor is then mixed with manganese 
dioxide and fairly strong sulphuric acid and heated in a cast iron 
retort. The liberated iodine sublimes and is collected in stone- 
ware receivers called aludels. 

2Nal -f MnO, +3HaSO* = 2 NaHS 04 -f MnSO^ -h2H^O^l^ 

(B) From Caliche : Caliche or crude chile saltpetre (NaNOg) 
contains about 0 2 per cent sodium iodate (NalOo) and is regarded 
as the main source of commercial iodine. The aqueous solution of 
caliche is concentrated and cooled when crystals of less soluble 
sodium nitrate separate out. The mother liquor left after removal 
of the nitrate becomes richer in iodate content. This is treated 
with calculated quantity of sodium bs-sulphitc whereby iodate is 
reduced to iodine and is precipitated. 

NalO* -I- 3 NaHS 03 - Nal-h 3NaHSO^ 

NaT 03 + 5Nal-|-6NaHS03= GNa.SO^-fBlg + SHaO. 

Iodine is separated by filtration and purified by sublimation. 



CBAPTER 4 
OXIDES OF NON-METALS 


Oxides of carbon : Carbon forms two important oxides namely 
carbon monoxide and carbon dioxide. Both the oxides are gases but 
they differ in almost all chemical properties. 


CARBON MONOXIDE 


Mol formula CO Boiling point — 19r5‘C 

Mol. wt. 28 01 ■ Melting point —200'C 


T in 1766 first prepated carbon monoxide by heating a mixture of carbon 

and idnc oxide. It is not found free in natuie. Only minute traces ol the gas occur 
free in air in the vicinity of volcanoes. 




reparation 


(A) By dehydration of formic acid or oxalic acid : 


Laboratory method : Carbon monoxide is usually prepared in 
the laboratory by heating formic acid or oxalic acid with concen- 
trated sulphuric acid. Concentrated sulphuric acid abstracts the 
elements of water from either of the organic acids giving carbon 
monoxide. 


HCOOH +[H,S0J=C0-|-[H,0-|-H,S0.] 
formic acid 


COOH 

COOH +[H,S0.1=C0-|-C0,+[H,0-i-H,S0J 

o3udic acid 


In the two reactions mentioned above, sulphuric acid remains unchanged and 
can be g sfd again for conversion of further amount of formic or oxalic acid But a 
minute Quantity of sulphuric acid may be reduced to sulphur dioxide by the action 
of carbon mcmoxide evolved. H,S 04 +C 0 =«H, 0 +S 0 ,+C 0 , 


Deacription of the method atarting from formic acid : Concen- 
trated sulphuric acid is taken in a round bottomed flask provided 
with a dropping funnel and a bent delivery tube. The free end of 
the delivery tube dips in concentrated caustic soda solution taken 
in a gas washer. Sulphuric acid in the flask is then heated to 
100*C and formic add is added to it carefully drop by drop from 
the dropping funnel. 

A steady current of carbon monoxide is evolved on dehydration 
of formic add. The evolved gas is passed through the caustic 
aoda solution to remove traces of carbon dioxide and sulphur 
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dioxide and colleted over water. Gfncial phosphoric acid may be 
employed for dehydration instead of sulphuric acid. 



Fig. 2(49) Preparation of carbon monoxide in the laboratory 

Descriptioo of the method starting from oxalic acid : Crystals of 
oxalic acid arc taken in the roundbottomed flask and concentrated 
sulphuric acid is added to it from the dropping funnel. On heating 
the mixture in the flask to about bOX, equal .volumes of carbon 
monoxide and carbon dioxide are evolved. The issuing gases are 
passed through caustic soda solution in which carbon dioxide 
(inclirding sulphur dioxide formed in minute amount) is 'absorbed 
and the carbon monoxide is collected by downward displacement 
of water. The gas may be dried by phosphorus pentoxide aLd 
collected over mercury. 

The same apparatus as shown in Fig. 2(49) is used in this method. Instead of the 
dropping funnel, a thistle funnel may be empIo>ed. But one should be very careful 
to sec that the end of the thistle funnel remains under the surface of sulphuric acid. 

(B) Other methods : 

(a) From sodinm formate : Dry sodium formate on being 
slowly heated with concentrated sulphuric acid yields carbon 
monoxide. Cone, sulphuric acid first converts the formatelto formic 
acid which is subsequently dehydrated to produce carbon monoxide. 

HCOONa+H,SO^=NaHSO^-fCO+H,0. 

(b) From carbon : Carbon monoxide is also obtained by heating 
excess of carbon in a limited supply of air or by strongly heating a 
mixture of powdered calcium carbonate and carbon. 

2C+Og=2CO ; CaCO,+C=CaO+2CO. 

The blue flame observed above a coal fire is due to the combus- 
tion of carbon monoxide* 
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Carbon monoxide is produced by heating zine oxide, lead oxide 
or iron oxide with carbon. The metallic oxide m each case Is 
reduced to the metal. 

ZnO+C-Zn+CO, Fe,0«-|-3C-2Fe+3C0 

(c) From carbon dioxide Carbon dioxide when passed over 
red hot charcoal, iron or 7inc is reduced to carbon monoxide. 
The metals are oxidised to the respective oxides. 

COj,4C-2CO. CO.-fZn-CO+ZnO , COa+Fe^FcO+CO. 

Method of preparation of carbon monoxide from carbon dioxide . 
A porcelain or iron tube packed with a layer of charcoal is heated 

fi 

I SlPFKHl \TEDOkL 


CO 



Fig 2\.S0) Preparation cl cat boQ m^ioxidu fiom c irb n dioxide 

to redness in a furnace A slow stream of cirbon dioxide aricd 
by passing through concentrated sulphauc acid ts then led over the 
red-hot charcoal The resulting na»ooMdc is tried from 

any unreduced cubon d*oxidc by b ibling it throaga strong caust^ 
soda solution and is v^uliecCed o^er ^ater 

(d) Caibon monxide i> liberated when pota^^iam ferrocyanide 
IS heated with concentrated sulphuric acid 

K,le^CN),-i-6HaS0,-^6K,0 2K,bO^ 

+ 1 eSO^ t-6CO 

(c) Nickel liracaro n,J on b-ing heated decomposes to 
produce caroon monoxiui, iN* C O ^ - Ni -I-4CO 

Nickel tetra caibonyl is an ai ditive compound ot carbon 
monoxide and nickel 

Properties Pnysical-O) Carbon monoxide is a gas with a 
peculiar taint smell (2) ii condenses to a colourless liquid at 
— 191 C at ordinary pre s»urc (3 Carbon mouoxicic is very slightly 
soluble m water (4) It is extremely poisonous An atmosphere 
containing as little as 0 5^ carbon monoxide may cause death if 
breathed for some time 

The fatal action of caibon mu oxide is due to th'* fact that it combines with 
haemoglobin the oxygen earner of oiood forming a stable compound, carbox> 
haemoglobin Thus the normal tunctionmg of blood m the living system is stopped, 
Oas masks containing a mixture of manganese dioxide and cupric oxide ire 
employed against cirboo monoxide poisoning 

(4) It IS slightly lighter than air. 
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Chemical : (1) Carbon monoxide is a combustible gas but is a 
non^supporter of combustion. It burns in air or oxygen with a pale 
blue flame giving carbon dioxide. 2CO-hOs«2COs. 

This reaction is highly exothermic. 

(2) It is a neutral oxide : It has no action upon litmus. 
Ordinarily, the gas does not react with an alkali like sodium 
hydroxide or protassium hydroxide. However, at 200'’C and under 
pressure, it reacts with solid caustic soda yielding sodium formate. 

\/€o + NaOH = HCOONa. 

(3) Carbon monoxide is a powerful reducing agent at elevated 
temperatures. At red heat, it reduces many metallic oxides to the 
metals being itself oxidised to carbon dioxide. 

When the gas is passed over red-hot cupric oxide, it reduces the 
oxide to red metallic copper and carbon dioxide is formed at the 
same time. CuO-|-CO=Cu4-COa. 

The gas will similarly reduce the oxides of zinc, iron, lead etc. 

ZnO+CO- ZnH-CO. ; FcaO«+3CO~2Fe4-3CO, 
PbO-fCO^Pb+CO, 

It reduces steam to hydrogen at 5S0"C in presence of a mixture 
of fenic oxide and chromic oxide (catalyst). 

H,0+C0=H,+C0, 

(4) At diflerent temperatures and under the influence of diffe- 
rent catalysts, carbon monoxide and hydrogen interact to give 
different organic compounds. 

2CO-f2Ha = CH4+COa [At 380''C in presence of nickel or plati- 
methane num catalyst J. 

CO+2Hj = CH„OH [At 350‘C, catalyst consisting of zinc 

methyl alcohol oxide and chromic oxide]. 

(5) Carbon monoxide directly combines with some non-metals 
and metals or some compounds giving additive products known as 
carbonyls. 

Carbon atom is tetravalent. But carbon atom in carbon monoxide 
behaves like a divalent atom and as such the oxide is an unsaturated 
compound with the tendency of undergoing addition-reactions. 

Carbon monoxide directly combines with chlorine in presence of 
sunlight or charcoal catalyst giving carbonyl chloride also called 
phosgene which iii a highly poisonous gas. 

CO+CI,-COCl, 

It alfo combines with heated sulphur vapour to form carbonyl 
sulphide. CO-f-S = COS. 

Finely divided nickel at 40" C and iron at noX absorb carbon 
monoxide giving carbonyls. 

Ni+4CO = Ni(CO) 4 [nickel tetracarbony 1] 
Fc-|-5CO=Fc(CO)fi [iron pentacarbonyl] 

11—9 
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Cuprous chloride in cone, hydrochloric acid or ammonium 
hydroxide absorte carbon monoxide and a white crystalline preci- 
pitate is formed. In fact* it is an additive compound of carbon 
monoxide and cuprous chloride. 

CutClt+2C0+4H,0=2[CuCl. CO. 2H,0] 

IVaoes of carbon monoxide present in carbon dioxide, hydrogen, nitrogen, nitric 
oxide etc. can be removed by bubbling through a solution of cuprous chloride in 
cone, hydrochloric acid which will absorb only carbon monoxide. The other gases 
wOl renMun unhanged. 

Experiment to illustrate that carbon monoxide poBsesses reducing 
property : 

The mouths of a hard glass combustion tube are closed with 
bored corks fitted with an inlet and a bent outlet tube. The end of 
the outlet tube dips in clear lime water kept in a bottle. A small 
amount of black cupric is introduced into the combustion tube and 
carbon monoxide is slowly passed through the inlet tube. Now, the 
oxide inside the tube is strongly heated in a current of carbon 
monoxide. It is seen that cupric oxide is gradually reduced to red 
metallic copper by carbon monoxide. Carbon dioxide coming out 
of the outlet tube turns lime water milky. The unchanged carbon 
monoxide is burnt at the mouth of an outlet tube fitted with the 
bottle. 

When the reaction is complete, passing of carbon gnenoxide Is 
stopped and the combustion tube is cooled to the room temperature. 
The red residue inside the tube on being treated with concentrated 
nitric acid gives a blue solution with simultaneous evolution of a 
brown gas. So, the red substance is nothing but copper. 

CuO 4- CO = Cu+ CO,. 

This experiment proves that carbon monoxide reduces cupric 
oxide to metallic copper and it itself is oxidised to carbon dioxide. 

Uses : (1) As a constituent of water gas, producer gas, carbon 
monoxide is used as a fuel. 

(2) It is used as a reducing agent in the extraction of metals. 
It finds its application in the purification of nickel. 

(3) It is also used in the manufacture of synthetic methyl 
alcohol, synthetic methane and artificial petrol. 

Tests : (1) When a lighted taper is introduced in a jar of carbon 
monoxide, the taper is extinguished but the gas burns with a lambent 
blue flame forming carbon dioxide which turns clear lime water 
milky. 

(2) It is absorbed by a solution of cuprous chloride in cone. 
HCl or NH^OH. 

(3) It turns ammoniacal silver nitrate solution brown. 

Minute traces of carbon monoxide in air may be detected by shaking with much 
dihM blood. If carbon monoxide is present it forms carboxy haemoglobin which 
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produces a red precipitate instead of a brown one given by a sample of normal 

It is to be noted that both hydrogen and carbon monoxide are combustible 
gases and bum in air giving pale blue flames The product of combustion in case 
hydrogen is water which turns white anhydrous copper sulphate blue. 

But carbon monoxide on burning gives carbon dioxide which turns lime water 
milky. 


CARBON DIOXIDE 


Mol. formula CO^ 
Mol. weight 44*01 


Boiling point— 56“C 
Sublimes at — 78 52“C 


Carbon dioxide was discovered by Van Helmont in 1630 by burning wood and 
similar substances. He named it the gas sylvestre In 1754. Black gave it the name 
fixed air by observing its solubility in water. Lavoisier, in 1783, first proved con- 
clusively that it is an oxide of carbon and called it carbonic acid gas due to its 
acidic character. 

In the free state, it occurs in the air to the extent of about 003 per cent by 
volume. The existence and the growth of plant kingdom depend on the attmos- 
pheric carbon dioxide. It occurs in many spring waters. It is found to come out 
in abundance from the interior of the earth in certain localities near volcanoes. 

Preparation : (A) By the action of dilute mineral acids on 
metallic carbonates. 

Laboratory method • In the laboratory, carbon dioxide is com 
mooly prepared by the action of dilute hydrochloric acid on marble 
(calcium carbonate. CaCOg) at the ordinary temperature. 

CaCOg+2HCl==CaCla+CO, + HgO. 

Small pieces of marble are placed in a Woulfe’s bottle fitted with 
a thistle funnel and a delivery tube. Some water is then added to 
the bottle so that the 
pieces of marble and the 
end of the thistle funnel 
remain dipped in water. 

Moderately strong hydro- 
chloric acid is then 
poured down the funnel. 

As soon as the acid 
comes in contact with 
the marble, quick effer- 
vescence takes place due 
to the evolution of 
carbon dioxide which 
begins to come out 
through the delivery tube. 

As the gas is H times 
heavier than air, it is 
collected in the gas jar 
by the upward displace- Preparation of carbon dioxide 

ment of air. “ laboratory 

Carbon dioxide prepared in this way may contain some hydro- 
chloric acid vapour and water vapour as impurities. The gas is 
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passed through a solutioa of sodium bicarbonate to free it from 
HCi vapour and then dried by cone, sulphuric acid. The pure and 
dry gas may be collected over mercury. 

Other carbonates on treatment with dilute acids liberate carbon 
dioxide. 

MgCOa + 2HCI -- MgCI a +COa -f HaO 
PbC 0 a+ 2 HN 03 *Pb(N 03 )a+C 0 a+Ha 0 
Na,COa+HaSO^ = NaaSOa+COa-fHaO. 

Preparation of carbon dioxide in Kipp’s apparatus : When a 
ready supply of carbon dioxide is required, a Kipp’s apparatus may 
be used for Us generation. The des.?nption and working principle 
of the Kipp’s apparatus have been given in connection with the pre- 
paration of hydrogen. For the preparation of carbon dioxide with 
the help of this apparatus, marble (CaCOs) is taken in the central 
globlc and dilute hydrochloric acid is poured down the funnel 
attached to the upper globe. 

N.B. Dilute sulphuric acid is not used in the preparation of carbon dioxide 
from marble. Dilute sulphuric acid at tirsi decomposes maible liberating carbon 
dioxide and produces sparingly soluble calcium sulphate at the same time. 

CaC0,4H,S0^=CaS0^4C0,H-H,0. 

This sulphate then forms an insoluble coating on the unreacted 
marble, thus preventing the same from coming m contact with the 
acid. As a result, the action soon stops and no carbon dioxide is 
evolved. 

No such difficulty arises-when hydrochloric acid used as the 
calcium chloride produced is highly solubte. 

(B) By thermal decompobition of metallic carbonates and bi- 
carbonates : Almost all metallic carbonates except carbonates of 
alkali metals (NaaCOj, KjCO*) and barium carbonate (BaCOa) 
decompose to carbon dioxide and metallic oxides when heated 
strongly. Large quantities of carbon dioxide may be prepared by 
beating lime stone. 

1000”C 

CaCOa^CaO+CO, ; MgCOa = MgO-}- CO. 

Carbon dioxide is obtained as a by-product in the manufacture 
of lime. 

In the laboratory, pure carbon dioxide is best obtained by heat- 
ing sodium bi-carbonate or by treating sodium carbonate with 
dilute sulphuric acid. 

2NaHCOa-=-Na,COa+HaO+CO, 

NaaCOa-hH.SO^-Na.SO^-hHaO-fCO, 

(C) Carbon dioxide may commercially be obtained from water 
tras. When steam is passed over red hot coke, water gas is produced. 

C+H,0=C0+H.. 

If steam is led through the gas mixture in presence of catalysts, 
carbon monoxide gets oxidised to produce carbon dioxide. 
C0^-H,+H,0-^C0,+2H,. 
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The gas is freed from hydrogen and unreacted carbon monoxide 
by absorption in cold potassium carbonate solution forming pota- 
ssium bicarbonate which gives off carbon dioxide on boiling. 

K,C0,-fC0,-fHg0^2KHC08- 

(D) Besides, we get c^irbon dioxide bv burning carbon, wood, 
coal, petrol, od etc in excess of air. C+Oj, = €0, 

Properties— Physical : (1) Carbon dioxide is a colourless, odour- 
less gas with a faint acid taste. The gas can be liquefied to a colour- 
less liquid under a pressure of 60 atmospheres at ordinary tempera- 
ture. Carbon dioxide in the liquid form is kept in steel cylinders. 
When liquid carbon dioxide is suddenly allowed to escape, it solidi- 
fies. This solid carbon dioxide looks like snow and is called Mrv 
ice*. Tt is used in low temperature investigations. When it is mixed 
with ether, a very low temperature up to - HO^’C is reached. 

(2) It is U times heavier than air. This is why the gas is 
sometimes found io collect in many disused wells. (3) Carbon 
dioxide is fairly soluble in water. At ordinary temperature, water 
dissolves its own volume of the gas. The solubility of the gas 
increases with the increa«>e of pressure. It is more soluble in alcohol 
than water. (4) It is not poisonous but does not support respira- 
tion of animals. 

Chemical * (1) carbon dioxide is neither combustible nor a 

supporter of combustion. But ignited magnesium, sodium and 
potassium continue to burn in the gas with the separation of carbon 
and the burning metal is converted into cither oxide or carbonate. 

2Mg+C08 = 2Mg0+C ; 4K4-CO, =2K,0-»-C 

K.O-fCO.^ KaCO,. 

(2) Carbon dioxide is an acidic oxide. Its aqueous solution 
shows feeble acidic character due to the formation of carbonic acid. 
Tins is why if is called the anhydride of carbonic acid. It turns 
blue litmus solution slightly red but has no action on methyl orange 
indicator. H^O f COa^HjCOj. 

Carbonic acid is a week, unstable dibasic acid and is known only 
in aqueous solution. 

H8C08?:±H+4 HCOa" ; 11,C08?±2H+-1-C0«- 

The acid can give rise to two types of sairs—hicarbonates 
[NaHCOa, Ca(HC08)8] and carbonates [NdaCOg, CaCOgl. 

As an acidic oxide, it reacts with the basic oxides forming 
carbonates. COa-f Naa0 = NagC08 ; CO^-f CaO=-CaCOq 

It is absorbed by alkalis. On passing gaseous carbon dioxide 
through a solution of caustic soda, we get water soluble sodium 
carbonate. With excess of carbon dioxide, the alkali produces 
sparingly soluble sodium bicarbonate which on heating is converted 
into sodium carbonate again. 

2Na0H-bC0,*Na,C08-f H.O ; 

Na.COa 4-HflO -|-CO,^2NaHCO,. 
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When carbon dioxide is passed into clear lime water* the latter 
turns milky due to the formation of insoluble white calcium 
c irbonate. CO, + Ca(OH) , - CaCOs +HaO 

The milkiness disappears'when excess of the gas is passed owing 
to the formation of soluble calcium bicarbonate. 

CaCO. -hH,0+C0, =Ca(HCO,) , 

This clear solution on boiliog turns milky again as the bicar- 
bonate decomposes to produce insoluble calcium carbonate. 

Ca(HC0,),=CaC0,+H,0+C0, 

(3) Carbon dioxide is reduced to carbon monoxide by red-hot 
carbon, iron powder or zinc. 

COa+C=2CO (at about lOOOX) 

COj|+ZQ=ZnO+CO ; CO,-|-Fc=FcO+CO. 

(4) In presence of sunlight and moisture, plants with the help 
of the green colouring matter, chlorophyll present mainly in their 
leaves can convert carbon dioxide into carbohydrates and oxygen. 
This process is known as photosynthesis. Chlorophyll does the 
function of a catalyst. 

Sunlight 

COg -f H,0 “^Carbohydrates-f- Og 

Chlorophyll 

Experiments to Illustrate some of the properties of carbon 
dioxide t 

(1) Carbon dioxide is neither combustible nof a supporter of 
combustion but it supports the combustion of burning magnesium. 
A lighted taper is introduced in a gas- jar ot carbon dioxide when 
the taper is extinguished and the gas in the jar does not burn. 

A piece of ignited magnesium ribbon is held in a jar ot carbon 
dioxide with the help of a pair of tongs. Magnesium is not extin- 
guished but continues to burn with a bright flame. This proves 
that the gas is a supporter of combustion of burning magnesium. 

As a result of burning, magnesium oxide and carbon are formed. 

2Mg.fCO,=2MgO+C 

This experiment also proves that carbon dioxide is an oxidising 
agent at high temperature. It has oxidised metallic magnesium to 
Its oxide and itself is reduced to elementary carbon. 

(2) It is not poisonous but does not spport respiration. A small 
mouse is introduced in a gas-jar of carbon dioxide and is covered 
with a lid. After some time, the mouse dies of suffocation. 

{B) Carbon dioxide is heavier than air : {a) A jar of carbon 

dioxide is inverted over an empty jar (i.e. full of air) and the cover 
glass from the mouth of the latter is then removed. After a few 
minutes, it is found that carbon dioxide, being heavier than air, has 
travelled to the lower jar. When a lighted taper is introduced into 
the lower jar, the taper is extinguished at once. Clear Hme water 
turns milky when added to the lower jar and shaken. 
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{b) A lighted candle is placed on a table and a jar of carbon 
dioxide is inverted over the candle flame. The flame is extinguished. 
Since the gas is heavier than air, it travels 
downsrards and displaces airfrom>the surroun- 
dings. The flame loses its contact with oxygen. 

Moreover, the gas is not a supporter of com- 
bustion and thus the lighted candle is extin- 
guished. This experiment proves simultane- 
ously that carbon dioxide is heavier than air 
and does not support combustion. It will 
clearly be understood from the nature of the 
flame as shown in the Fig 2(52). 

(4) Carbon dioxide is soluble in water and 
its aqueous solution is acidic. A little water is 
added to a jar of carbon dioxide and shaken 
after covering the mouth of the jar with a lid. The jar is then kept 
inverted in a vessel containing water and the lid is removed. Water 
from the vessel is found to rise up gradually inside the jar and fills 
it almost completely. When blue litmus solution is added to the 
solution of the jar, it becomes dull red. 

(5) Carbon dioxide is absorbed by an alkali solution. A few c.c. 
of sodium hydroxide solution is poured into a test tube filled with 
carbon dioxide. The tube is shaken on covering its mouth by the 
thumb and then inverted over water. Water rises up to fill the 
vacuum caused due to the absorption of carbon dioxide by the 
alkali. This experiment also proves the carbon dioxide is an acidic 
oxide. 

CO,+2NaOH=Na,COH+H,0. 

Uses : (1) Carbon dioxide is extensively used in the manufac- 

ture of sodium carbonate by Solvey’s process, in the commercial 
production of salicylic acid and important fertilizers like urea, 
ammonium sulphate, (,2) It is used in fire extinguishers. (3) It is 
used in the preparation of aerated water like soda water, lamonade 
etc. (4) Solid carbon dioxide finds wide use as refrigerant under 
the name 'dry ice*. (5) Liquid carbon dioxide is used for harden- 
ing of steel. (6) It is also used in medicine. A mixture of 95% 
oxygen and 5% carbon dioxide is administered to stimulate normal 
respiration of patients suffering from shock, carbon monoxide or 
similar gas poisoning. 

The use of carbon dioxide in fire extingu'sheis has become very commoQ nowa- 
days. The fire extinguishers of different shapes are used. A fire extiDgouher 
consists of a strong metallic vessel contaioiog a solution of sodium carbonate with 
a glass bottle of sulphuric acid solution inside. When required, the bottle is broken 
by giving a blow to the knob attached to a rod which reaches to the bottle. As soon 
as the carbonate and the acid solutions come in contact with each other, the 
reaction sets in liberating carbon dioxide. 

Na.CO, +H,SO* «Na,SO*+CO, + H,0. 

The mixture of the evolved gas and the liquid coming out fcvdbly fkoiB the 
nozzle is directed on the burning substances. 
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Is ettinsuirin&s oil and petrol fires, 'foam’ fire extinguishers are generally used* 
Tiiese contain a solution of aluminium sulphate or alum and sodium bicarbonate 
solution in separate receptacles Aluminium sul- 
phate being hydrolysed produces sulphuric add 
which acts on sodium bicarbouate When the 
solutions are mixed, a stable foam of bubbles of 
carbon dioxide is produced. 

A1.(SOJ,+6NaHCO, 

^ 2Al(OH), + 3Na,S04 + 6 CO, 

Aluminium hydroxide is formed causing the 
bubble walls stable. These extinguishers are 
effective for oil fires. 

It is to be remembered that carbon dioxide 
cannot be used in extinguishing fire caused by the 
burning of magnesium as the gas is a supporter of 
combustion of this burning metal. 

Tests : (i) A burning taper is 
extinguished in carbon dioxide gas. (2) 

It turns lime water milky. 

It should be kept in mind that a lighted taper 
is also extinguished when introduced into a jar of 
nitrogen but nitrogen does not turn lime water 
milky. 

Conyersion of carbon monoxide into hig <52 

carbon dioxide and vice versa- Carbon Fire extmruishcrs 

monoxide on burning m oxygen is oxidised to carbon aioxide. 
Carbon dioxide is also formed when carbon monoxide is passed 
over heated copper oxide, zinc oxide, lead oxide etc. 

2C0+0, = 2C0, ; CO-fCuO = Ca + CO, 



Prepaiation of carbon 
already been described. 


monoxide from carbon dioxide has 


To prove that carbon monoxide and carbon dioxide contain carbon 

If carbon monoxide gas is burnt in excess of pure oK\gcn oris 
passed over red-hot cupric oxide taken in a hard glas^ combustion 
tube, the gas is oxidised to carbon dioxide. A piece of ignited 
magnesium when introduced in the resulting gas, conunucs to burn 
m it. Magnesium oxide is produced with the separation of black 
carbon particles. The residue is then treated with hot dilute 
hydrochloric acid when the magnesium oxide gets dissolved leaving 
behind carbon. Carbon particles are filtered, washed, dried and 
burnt in oxygen. The gas produced on burning turns lime water 
milky. This proves that carbon dioxide has been produced and 
the black substance is nothing but carbon. 

2C0+0,-=:C0, ; CO-fCuO = CO,-|-Cu 
CO+2Mg = 2MgO-|-C 

This experiment proves simultaneously the presence of carbon 
in both carbon monoxide and carbon dioxide. 
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Comparison of the properties of carbon monoxide and carbon 
dioxide : 


Property 

Physical state, 
nature, solu- 
bility in water 
etc. 


Combustibili- 

ty 


Action on wa- 
ter, solutions 
of alkalis 


Oxidising and 
reducing pro- 
perties. 


Carbon monoxide 

Colourless, poisonous 
gas with peculiar faint 
smell, slightly lighter 
than air, almost inso- 
luble in witer. Liquefies 
dt - under ordi- 

nary pressure. 


Combustible, non su- 
pporter of combustion, 
burns in air or oxygen 
with a blue flame for- 
ming carbon dioxide. 

2C0+0, = 2C0, 
Neutral oxide, very 
slightly soluble in water. 
No action on litmu^. 

\i ordinary temperature, 
does not rcdct with an 
alkali but forms sodium 
form ate with strong solu- 
tion of caustic soda on 
heating under pressure. 
CO + NdOH-HCOONa 


No action on lime water. 


Powerful reducing ag'-iit 
at high temperatures, re- 
duces some metallic 
oxides to the metals, it 
itself being oxidised to 
carbon dioxide. 
CuO-hCO=Cu-CO, 
ZnO-hCd = Zn - CO, 


Carbon dioxide 

Colourless, odourless gas 
with a taint acid taste. 
Heavier than air. Non- 
poisonous but not a 
supporter of respiration. 
Fairly soluble in water. 
Liquefies under pressure 
at ordinary temperature, 
can be converted into a 
solid at low temperature 
and high pressure. 

Non-combustible, docs 
not support combustion 
ordinarily but supports 
the combustion of burn- 
ing magnesium, sodium 
or potassium. 

An acidic oxide, forms 
an unstable, weak, dlba- 
I SIC acid called carbonic 
i acid in aqueous solution 
which turns litmus solu- 
tion slightly red. 

C 0 ,-fH, 0 -H,C 03 
At ordinary temperature, 
reacts with an alkali 
solution giving carbonate 
and bicarbonate 
2NaOH-|-CO, Na.CO, 
4H,0 

Na,C0,-|-H,0-i-C0,- 
‘ 2NiHCO,. 

I Turns lime water milky, 
niilkiness disappears on 
I prolonged passing of the 
' gas. 

I 

I At ordinary temperature, 

> does not possess any 
oxidising or reducing 
property although 

metallic magnesium, so- 
dium, potassium bum Id 
the gas to form the corres- 
ponding metallic oxides- 
2Me.t-C0, = 2Mg04-C 
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Property 

Carbon monoxide 

Carbon dioxide 

Pover of for- 

An unsaturated com- 

A saturated compound. 

ming additive 

pound, forms additive 

forms no addition pro- 

compounds. 

compounds with some 
non-metals and metals. 
CO+CJ,=COCl, 
Ni+4CO=Ni(CO)* 

At 120°C, it reacts with 
iron forming Fe(CO)s 
Fe+5CO=Fe(CO), 

duct. 

At high temperature, 
iron is oxidised by car- 
bon dioxide. 
CO*+Fe=FcO-fCO 

Absorbent 

Absorbed in ammoniacal 
cuprous chlorine soln. 
or in cuprous salt soln. 
in HCl. 

Absorbed in NaOH, 
KOH etc. 


Carbon dioxide cycle : The atmosphere contains 21% oxygen and 
0 03% carbon dioxide by volume. Though the proportion of carbon 
dioxide in the atmosphere is very small, still upon its presence the 
continued existence of life depends. 

In nature, some processes are going on indefinitely whereby 
carbon dioxide is used up and returned to the air. These opposite 
natural processes take place in such a way that the proportion of 
carbon dioxide in the atmosphere is almost maintained constant. 
The whole process is a cyclic one and is known as carbon dioxide 
cycle. 

The processes by which carbon dioxide of the atmosphere is 
removed are stated below. 

(1) In daytime, the plants absorb large quantities of carbon 
dioxide from the air and convert it to carbohydrates (the plant 
foods) in presence of sun light by the action of water and the green 
colouring matter, chlorophyll, present in plants. An equal volume 
of oxygen is liberated in the air simultaneously. The process of 
carbon assimilation with subsequent formation of carbohydrates 
using the energy of sunlight is known as photosynthesis. Chloro- 
phyll acts as a catalyst. 

(2) Carbon dioxide is moderately soluble in water and tho 
atmospheric carbon dioxide reacts with rain water forming carbonic 
acid which is washed down by rains to the sea and is converted into 
calcium and magnesium bicarbonates. This carbon dioxide is per- 
manently lost as a result of formation, by various aquatic creatures. 
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of shells oonsistiag of calcium carbonate. The vast beds of lime 
stone and chalk are derived from this source. 



Fig. 2 53) Carbon dioxide cycle 

(3) Carbon dioxide is an acidic oxide. Various rocks containing 
basic substances absorb a portion of the atmospheric carbon dioxide 
and convert the same to the metallic carbonates. This is known as 
•weathering’ of rocks. 

The processes by which carbon dioxide are released into the 
atmosphere are as follow ^ . 

(1) Man and other animals give up carbon dioxide in the atmos* 
phere on respiration. Plants take up carbon dioxide during day 
time for carrying out the process of photosynthesis but return 
carbon dioxide in the air at night as a result of respiration. 

(2) Carbon dioxide is formed in nature due to the combustion 
of fuels such as wood, coal, oil, petroleum etc. It is to be noted 
that many plants are converted in course of time into coal, peat, 
petroleum etc. A vast quantifies of carbon dioxide are released in 
the air as a result of decay of vegetable and animal matter. 

(3) Carbon dioxide is also evolved from volcanoes and from 
minerals like lime stone, chalk, dolomite, marble etc. when these 
substances come in contact with organic acids present in the soik 
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Carbon dioxide may also be liberated by the decomposition of 
bicarbonates in sea water. 

The process of photosynthesis by plants and the other processes 
of using up atmospheric carbon dioxide act in opposite direction to 
respiration and combustion in such a way that the constancy in the 
proportions of oxygen and carbon dioxide in the air is maintained. 

Kx^ILfCON DIOXIDE OR SILICA fSiOjl 

In nature, silica exists in both crystalline and amorphous forms. 
It enters into the composition of silicate minerals and rocks 

There are three definite varieties of crvstalline silica known as 
quartz, tridymite and crystobalite. Quartz is the most widespread 
variety of silica. It is very stable up to 870“C, At higher tempera- 
tures, transformation into other forms takes place. 

870“C 1470’’C 17i0C 

Quart7;5=iTridymitc^CrystobaliU^Liquid 

Quartz in its turn occuis in three forms — sand, amethyst and 
cat’s eye. 

Common sand consists of small paiticles of quartz left after 
weathering of rocks and crushed by water during its movcmt^nts 
Pure silica is a colourless solid but ordinary sand usually grey or 
brownish due to the presence of feme oxide or other metallic 
oxides. 

Pure quartz is found as a colourless transparent crystalline 
substance and is called rock crystal. Frcqiicntlv. many forms of 
quartz possess delightful colours due to the presence of small 
amounts of impurities and arc used as gems. When manganesr 
dioxide is present, the colour is pinkish and the quart/ m \ed with 
this oxide is called amethyst. The cat’s eye consists of quart? 
contanining a little dissolved asbestos. 

There are different types of amorphous silica such opa\ acatc 
and flmt of which opal is soni « mes tintea yellowish bro^^n It is 
also used as a gem. Flint is a less pure form of amorphous silica 
and is coloured black or brown owing to the presence of iron oxide. 
Agate is a very hard substance and finds its use in mornrs, knife 
edges. It was used as spear-beads in ancient times. 

Silica not only occurs in the minerals but also in veset ible and 
animal organisms. The stems and exterior coatings of straw, 
bamboo, the quills of fea>hers contain appreciable quantity of 
silica. Kieselgurh consists of the fnssil shells of the minute plants 
called diatoms. It is used as an absorbent for nitro-glycenoe and 
as a polishing powder. 

Preparation of silica : (A) In the laboratory, silica is prepared 
from a naturally occurring silicate. 

The silicate mineral such as calcium silicate is fused with excess 
of sodium carbonate (or caustic soda) in a platinum crucible when 
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soluble sodium silicate is formed. The fused mass whea cold is 
boiled with water and filtered. The filtrate is an aqueous solution 
of sodium silicate. The filtrate on acidification with cone, hydro- 
chloric acid yields a gelatinous precipitate of silicic acid which is 
washed with water to free it from salts and HCi. Silicic acid is then 
dried and ignited, when pure amorphous silicon dioxide (silica) is^ 
obtained. 

CaSiOa + Na^COa ^CaCOa+Na.SiOa 

Na,SiOs + 2HCI=HaSiOa-|-2NaCl ; H.SiO.^SiOa+HaO. 

(B) Silica may also be obtained by burning silicon in air or 
oxygen. Si-f Oa =■ SiO* 

(C) Silicon tetra chloride on being treated with water gives* a 
gelatinous precipitate of ortho silicic acid. The precipitate is filtereo 
us usual, washed and dried. Dry ortho silicic acid decomposes ai 
high temperature producing silica as amorphous powder. 

SiCl^+4HOH-Si(OH)^4-4HCl ; Si,OH)^ = SiOa-f-:H,0. 

Properties : (1) Pure, crystalline silica is a colourless solid of 

sp. gr. 2*')5. The sp. gr. of amorphous silica is 2-3. Quartz is a 
very hard substance while amorphous silica is relatively soft. 

(2) All forms of silica are insoluble in water and resist the 
action of all acids excepting hydrofluoric acid (HP) which attacks it 
leadily giving volatile silicon tetra fiuoride. It is not attacked by 
aqua regia (a mixture of 3 vols. of cone. HCI and 1 vol. of HNOg) 

Si0,-p4HF-SiF^+2H,0. 

(3) Silica is an acidic oxide. At high temperatures, it combines 
with bases and metallic oxides forming silicates. 

CaO-FSiOa^CaSiOg ; FeO+SiOj — FcSiOa. 

The acidic nature of silica is also confirmed by the following 
reactions. 

When it is fused with sodium carbonate, elfervesccnce of carboD 
dioxide takes place. Silica on being heated with strong alkalis' 
produces silicates. 

SiOg-f NaaCOs =- NagSiOa -f COg 
SiOa -f 2NaOH = Nua S1O3 + H ,0. 

A colloidal solution of silicic acid is formed when excess of 
hydrochloric acid is added to a solution of sodium silicate in 
the cold. 

When concentrated hydrochloric acid is added to sodium 
silicate solution at a tcmpji«*ture of lOO'C or more, gelatinous mass 
called silica gel is produced. Silica gel, on being washed and dried, 
lias a remarkable power of absorbing moisture. This is why it is 
used as a drying agent for gases. It is also used as an adsorbing 
agent and decolourising agent for some oils. Ihis also finds its 
application a& a catalyst. 

(4) When an intimate mixture of silica and coke is heated to 
whiteness in a current of chlorine, silicon tetra chloride, a colour- 
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less faming liquid is produced. Carbon monoxide evolves at tbe 
same time. SiOg+ 2 C+ 2 ClgsSiCl 4 + 2 CO 

(5) A mixture of silica and excess of carbon when heated to 
1500*" -2000''C in an electric furnace forms silicon carbide or carbo- 
rundum which is a very hard substance. SiO,-f-3C=SiC+2CO. 

(6) All varieties of silica begin to soften at about 1600°C and 
melt at the temperature of oxy-hydrogen flame (1700°C). Before 
melting, they are converted into plastic and may be worked and 
blown like glass. 

(7) Silica is not represen- 
I I I ted by a simple molecular 

SI— O— ll— structure. It is a ‘giant mole- 

I I I cule* formed by the union of 

I I i a good number of its mole- 

O O O cules. The structure of silica 

I I I as shown in Fig. 2(54) is res- 

I I ponsible for its extreme hard- 

Si— O — * Si— O — “ Si— ness. 

I I I 

Uses : (1) Transparent, 
Fig. 2(54) colourless quartz or rock 

crystal is used for making lenses of optical instruments, spectacle 
lenses and prisms. Many of the coloured varieties of quartz are used 
as gems. (2) Silica is employed in making fire-proof, acid-proof 
Interior linings of the furnaces used in the metallurgical operations. 
(3) It is used as a building material and in the preparation of glass, 
cement porcelain etc. Silica glass or quartz glass possesses certain 
remarkable properties such as infusibiltcy, low coefficient of expan- 
sion, transparency to visible light, infra red and ultra violet rays, 
resistance to the attack of acids. It is, for such properties, used in 
the manufacture of electric instruments and various chemical appara- 
tus. (4) Agate finds its use in making morters, knife edges, in deli- 
cate instruments like chemical balances and watches. (5) Kieselgurh 
was formerly utilized in the manufacture of dynamite. Besides, it 
is used in making cement, refractory bricks and polishing powder. 

Carbon dioxide and silica : 

Carbon and silicon belong to the same family of elements. 
Carbon dioxide and silica are two typical oxides of these elements. 
Although the oxides are represented by tbe similar molecular 
formula RO^ (R-C and Si) and show very little resemblances in 
properties, they have notabie\differences in their physical and 
chemical characteristics. 

Carbon dioxide exists as a single molecule having the structure 
0»C=»0, but silica is a giant molecule having three-dimensional 
structure in which a silicon atom is tetra hedrally bonded with four 
cxygen atoms [Fig. 2(54)] 

At ordinary temperature, carbon dioxide is a gas having little 
4 dtraction between individual molecules. But silica in different 
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crystalline and amorphous forms is a hard solid substance with 
high melting point. 

Both oxides are weak acidic oxides ; carbon dioxide is more 
acidic than silica. Carbon dioxide is fairly soluble in water producing 
the weak carbonic acid known in solution only. It reacts easily 
with alkalis yielding carbonates and bicarbonates. 
H,0+C0,^H,C0a 

C03+2Na0H = NaaC0a+H,0 ; Na9COa+HaO+COa5^‘2NaHCO, 

Silica is insoluble in water and in all acids excepting hydrofluoric 
acid. As an acidic oxide, it reacts with fused alkalis and sodium 
carbonate giving silicates. 

SiOa+2NaOH=Naa SiOa+HaO; SiOa+NaaCOa 

= Na,SiOa+COa 

Oxides of nitrogen : There are five oxides of nitrogen. In these 
oxides, nitrogen remains in various oxidation states. 


Name 

Formula 

Oxidn. No- of N 

Nitrous oxide 

N.O 

+1 

Nitric oxide 

NO 

+2 

Dinitrogen troixide 

N.O, 

+3 

Dinitrogen tetroxide 

N.O. 

+4 

or nitrogen dioxide 
Nitrogen pentoxide 

N.O. 

-1-5 


All the oxides of nitrogen are gases at ordinary temperature 
except nitrogen pentoxide (NaOs) which is a white solid. 


NITROUS OXIDE OR LAUGHING GAS [NaOJ 


Priestley discovered this gaseous oxide of nitrogeu in 177Z 

Preparation : (A) Laboratory method— In the laboratory, nitrous 
oxide is prepared by heating dry ammonium nitrate cautiously. The 
nitrate thermally decomposes giving nitrous oxide and water. 

NH^N0a-Na0+2H,0. 

Dry ammonium nitrate is taken in a flask fitted with a cork 
through which passes a delivery tube. 

On careful heating, ammonium nitrate first melts and then 
decomposes to produce nitrous oxide which comes out through the 
delivery tube and is collected by the downward displacement of 
hot water. It is not collected over cold water due to its appreciable 
solubility in it but may be collected over mercury. 

The gas thus obtained contains nitric oxide, nitrogen dioxide. 
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ammonia, nitrogen and moisture etc in small amounts as impurities. 

The gas is purified by passing 
succeMSively through — 

(i) caustic soda solution to 
remove nitrogen dioxide 

(ii) ferrous sulphate solution 
to absorb nitric oxide 

(ill) cone sulphuric acid to 
remove moisture and ammonia. 
The pure and dry gas is collec- 
ted over mercury It may how- 
ever contain a little nitrogen. 

N B The reaction stated above is an 
endothermic one Ammonium nitrate 
begins to dccompove at about 18S‘'C 
and at the reaction takes place 

so viPorouOy that if may had to an 
^ , . explosion So care must be taken m 

Fig --(35) Prepaiati »n ot nitrous oxide heating the nitrate Instead of ammo- 
in the laboraton mum nitrate alone it is better to heat a 

mixture ot ammonium sulphate and sodium nitrate The ammonium nitrate 
produced by the double decomposition of the two salts undu^ocs dtcomposition 
as usual yielding nitrous oxide. 

(NHJ,S0^4*2NaN0. 2NH4NO,+Na,S04 

2NH4NO, 2N,04-4H,0 ^ 

(NH4), 2NaNO, Na,S04-c2N,0+4H»0 
(B) Nitrous oxide may also be obtained by reducing nitric 
oxide with sulphur dioxide or nitric acid by stannous chloride in 
hydrochloric acid solution The action ot metallic 7inc on klilutc 
nitric acid leads to tne evolution of nitrous oxide. 

2N0-l-S02-hH,0-Na0-|-H,S04 

2HNOa-l-4SnCl*+8HCl 

4Zn-l-10HNOs- 4Zn(N03),-l-Na0+5H^0 

Properties : Physical— (1) Nitrous oxide is a colourless gas with 
a faint, pleasant odour (2) It can be liquefied to a colourless 
liquid by the application ot high pressure and low temperature (b.p 
— 88 SX). (3) It IS about H times heavier than air. (4) It is fairlv 
soluble in water and more so in alcohol but insoluble in hot water 

Chemical (0 Nitrous OAide is a neutral oxide (2) It Is not 
inflammable but supports combustion like oxygen. It rekindles a 
glowing chip of wood When pieces ot burning charcoal, sulphur 
phosphorus, magnesium, iron wire or heated copper are introduced 
in a jar of nitrous oxide, the substances contn ue to burn m 
the gas brilliantly. In each case, nitrogen and the oxide of the 
respective element are formed. 

C+2N,0-C03-h2N, , S+2N30-S0* + 2N, 
4F+10NaO-2P3O3 + ION3 ; Mg4-NaO=MgO+N, 
Cu+NaO-CuO+N. 




OXiraS OF MOM-MBTAU 


143 


Heated sodium or potassium burns in the gas brightly producing 
nitrogen and the metallic peroxide. 

2Na+2N,0 = Na.O, +2N, 

In facts heat produced during ‘burning of the substances 
decomposes nitrous oxide Into its elements — nitrogen and oxygen 
of which the latter one supports combustion. 2 NgO= 2 Ng +09 

(4) The gas has a remarkable action on the human system. 
It causes hysteric laughter when inhaled. This is why it has been 
given the name laughing gas. Inhalation of the gas for a considera* 
ble period of time causes anaesthesia and prolonged inhalation may 
finally cause death. 

Uses : It is used as a mild anaesthetic, specially in dental and 
minor surgical operations. 

Comparison of nitrous oxide ai^ oxygen : 

Both nitrous oxide and oxygen arc colourless gases. Both of 
them are non-combustible but supporter of combustion. Oxygen on 
being reacted with nitric oxide at ordinary temperature produces 
reddish brown fumes of nitrogen dioxide. But nitrous oxide has no 
action on nitric oxide. 

2NO-f Og = 2NO* : NgO+NO-^no reaction. 

Oxygen is readily absorbed in alkaline pyrogallate solution 
giving a brown solution but nitrous oxide remains unafiTected when 
passed through such a solution. 

Ammoniacal cuprous chloride solution absorbs oxygen and the 
colour of the solution becomes blue. The same solution is without 
action on nitrous oxide. 


n^NITRIC oxide [NO] 

This gas was discovered by Priestley in 1772. 

Preparations : (A) Laboratory method : In the laboratory, 
nitric oxide is prepared at the ordinary temperature by the action 
of copper turnings on moderately concentrated (1 vol of the acid 
-f 1 vol of water) nitric acid. 

3Cu+8HNOg«3Cu(NOg;g+2NO-h4HgO 

Pieces of copper turnings at c taken in a Woulfe's bottle fitted 
with a thistle tunnel and a delivery tube. Care must be taken to 
see that the apparatus uacd is peifectly air-tight. Now, a mixture of 
equal volumes of cone, nitric acid and water is poured down the 
funnel in such a way that the end of thethistlefunuel andtbe copper 
turnings remain dipped under the surface ot the liquid. As soon as 
the acid comes in contact with the metal, the reaction sets in with the 

II— 10 
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evolution of nitric oxide which at first produces reddish brown 

fumes of nitrogen dioxide with 
the air present in the bottle. To 
remove the brown fumes, nitric 
oxide is allowed to escape for 
sometjmesand thecolourless gas 
IS then collected by the down* 
ward displacement of water. 

The gas thus produced con- 
tains some nitrogen and its other 
oxides as impurities. The gas is 
purified by passing the same 
through a cold, saturated solu- 
tion of ferrous sulphate in 
which nitric oxide alone is absorbed, forming a dark brown solu- 
tion containing the additive compound FeSO^.NO. 

This brown solution on gentle heating gives nearly pure nitric 
oxide. 



(B) Almost pure nitric oxide can be obtained by heating a 
mixture of dilute sulphuric acid, potassium nitrate and ferrous 
sulphate or by shaking a mixture of concentrated sulphuric acid 
potassium nitrate and mercury. 

2KN0a-f4HaS04H-6FcS0^=3Fc,CS0J. + KgS04-f4H,0+2N0 
2KN0.+4HaS04+6Hg=3Hg,S0*-fKaS0*-f4Ha0+2N0 

Properties : Physical— (1) Nitric oxide is a colourle^ss gas, (2} It 
Is slightly heavier than air (3) The gas is almost insoluble in water 
and cannot be liquefied easily. 

Chemical : (1) It is a neutral oxide, (2) The compound is 
neither combustible nor does it ordinarily support cooibustion. 
It is a stable gas. Lighted candle, ignited taper, feebly burning 
sulphur or phosphorus are cxistinguished m the gas. 

But nitric oxide decomposes at high temperature (about 10(X)'C) 
producing nitrogen and oxygen. 2NO~N,-f Oa» Hence, vigorously 
burning magnesium, pho&phorus, carbon continue to buru in the 
gas forming the respective oxides. In these cases, oxygen liberated 
due to decomposition of nitric oxide at higher temperatures 
supports combustion of the elements. 

,^/r^+10NO=- 2P,O,+5N, ; C+ 2 NO-CO,+N, 
2Mg+2NO=2MgO+N, 

(3) Nitric oxide is readily oxidised by oxygen. At ordinary 
temperature, it combines spontaneously with oxygen of the air to 
give brown fmpes of nitrogen dioxide. 2NO-f O9 =^2NO|i, 

This is a chtlracteristic test for both nitric oxide and oxygen. 

(4) It tends to form addition products. In presence of charcoal 
(catalyst), nitric oxiue combines with chlorine to yield the additive 
compound, nitrosyl chloride. 2NO-f Cia^2NOCl. 
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The gas is readily absorbed by cold ferrous sulphate solution 
giving rise to a dark brown, unstable nitroso compound FeSO4.NO 
in solution. This brown solution, on gentle heating, decomposes 
and nitric oxide is evolved. FeSO4(NO)5risFeSO4-f-N0. 

This reaction is used in the ring test for detection of nitrites and 
nitrates. 

(5) When a gas-mixture of nitric oxide and hydrogen is passed 
through a hot tube coaming platinised asbestos, nitric oxide is 
reduced to ammoniar^'''^0+5Ha -2NHa-|-2H40. 

It is reduced to nitrogen when pissed over heated sodium, 
potassium, iron, copper or nickel. 2Cu+2NO = 2CuO+N4 

This reaction can be used to prove the presence of nitrogen in 
nitric oxide. 

(6) A mixture of carbon disulphide vapour and nitric oxide 
burns with a blue jlatne. In this case, inilammable carbon monoxide 
is produced.v >2€S4 + i0NO=^2CO-l-4SO4-f-5N4 

In such reactions, nitric oxide acts as an oxidising agent. It 
also oxidises sulphurous acid to sulphuric acid. 

2N0 + S04+H40-N,0-|-H4S04. 

(7) It possesses remarkable reducing properties. Nitric oxide 
reduces acidified solution of potassium premanganate to a colourless 
solution of manganous salt. While reducing, jt is oxidised to nitric 
acid. Iodine aisp oxidises nilric oxide into nitric acid. 

. 5KMaO4-M2H,SO4-t*10NO 6KHSO4-;-6MuSOrl l0HNOe 

31^4-2N0+4H40=-2HN0,4 6HI 

Uses : It is used as an oxygen earner in the manufacture of 
sulphuric acid by Lead chamber process. 

Tests : (1) It gp cs oT brown vapours in contact with air, (2) It 
is absorbed m cold terrous sulphate solution forming a deep brown 
solution. 


NITROGFN J'RIOXIDE [N4O3] 

Preparation : Nitrogen trinxidc may be obtained as red vapours 
on distilling a mixture of riirly cone nirat-^d nifnc acid (6 %) and 
equal amount of arscnioas oxiae 1 r staich. I he red vapours 
condense to a deep blu^i liquid 10 a rccetvcr kept immersed in 
a freezing mixture. A pari o» ^ oxide gets decomposed into nitric 
oxide and nitrogen dioxide at the time 01 u> formation. 

As40s+2HN03^ 2H4O- 2H3As04 4-N,03 ; NjO^-^NO-FNOg 

The compound is stable only in the liquid form. 

Properties : Physical— At oidirary temperature, it is a red gas 
when dry. 
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Cbemicti • (0 Nitrogen trioxide is not a stable compoond. If 
dissociates with rise of temperature producing nitric oxide and 
nitrogen dioxide. N^O^^NO+NO, 

(2) It is an acidic oxide. It is said to be the anhydride of 
nitrous acid as it forms the acid with ice-cold water. 

N ,03 = H,0=2HN0j, 

It reacts with alkalis giving nitrites. 

N.Oa + 2NaOH = 2NaNO * + H ,0. 

(3) Concentrated sulphi ric acid absorbs the red gas with the 
formation of nitroso sulphuric acid 

NITROGEN DIOXIDE [NO,] or DINITROGEN TETROXIDE 

[N.OJ 

Preparatin : (A) From nitrates . Laboratory method : In the 
laboratory, nitrogen dioxide is prepared by strongly heating lead 
nitrate. The salt undergoes thermal decomposition giving gaseous 
nitrogen dioxide, oxygen and solid lead monoxide. 

2Pb (N0e), = 2Pb0+4N0,+03 

Powdered, dry lead nitrate is taken in a hard glass test tube 

fitted with a delivery tube. The 
delivery tube is connnected with a 
U-tube cooled in ice'%alt mixture. 
On gently heating the tube, nitrogen 
dioxide along with oxygen comes 
out of the delivery tube. Nitrogen 
dioxide condenses as a pale yellow 
liquid in the U-tube while oxygen 
passes out through the outlet. 

The U-tube with its content is 
then kept in warm water when 
nitrogen dioxide evolves as a brown 
gas. It is collected in gas jars by 
downward displacement of air. 

Many metallic nitrates (except sodium, potassium and silver 
nitrates) on strongly heating gives off nitrogen dioxide. 

(B) From nitric acid : Concentrated nitric acid on being reduced 
by the metals like copper, zinc etc. produces nitrogen dioxide. The 
gas is also obtained when concentrated nitric acid is strongly heated. 

(C) From nitric oxide : Nitric oxide combines with oxygen at 
the ordinary temperature yielding nitrogen dioxide. When a mix-* 
ture of 2 volumes of nitric oxide and 1 volume of oxygen is slowly 
passed throutih a U-tube kept immersed in a freezing mixture^ 
nitrogen dioxide is obtained as a liquid in the U-tube. 

2N0+0,«2N0, 



Eig. 2(S7) Preparation of nitrogen 
dioxide 
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Properties: (t) Nitrogea dioxide is a poisonous gas with 
suffocating odour. (2) At ordinary temperature, it Is deep brown 
in colour. On cooling io a freezing mixture, it condenses to a pale 
yellow liquid (b.p. 22°C). At-9®C, it solidifies to colourless crystals. 
Its molecularr formula in the solid form corresponds to N.O^. On 
beating, it is first converted into a yellow liquid and then toa brown 
gas at 22^*0. With rise of temperature, the colour deepens gradually 
and at 140''C. N ^04 molecules completely dissociate into NO, 
molecules. Above 140 C, the colour becomes paler due to dissoda* 
tion into nitric oxide and oxygen. 

^ 2NO, ^ 2N0+0, 

solid liquid 22‘’C vapour 140“C 620“C 

-9*C 

(i) Nitrogen dioxide neither burns nor supports burning ordinarily. 
A lighted taper is extinguished in the gas. But strongly burning 
phosphorus, sulphur, carbon and magnesium continue to bum 
brightly in the gas producing nitrogen and the oxides of the 
elements. The temperature of burning of these substances becomes 
so high that the gas decomposes into nitrogen and oxygen, the 
latter one supports the combustion. 

8P+10NO, = 4P,O«+5N, ; 2S-f 2NO, = 2SO.-f N. 

4Mg+2NO,=4MgO+N,. 

Potassium Inflames in the gas spontaneously giving potassium 
nitrate and nitric oxide. KH-2N0,=:^KN08-f NO. 

(4) Nitrogen dioxde is an acidic oxide. When dissolved in a small 
quantity of cold water, it produces a colourless solution of nitrous 
and nitric acids. Hence, it is called the mixed anhydride of these 
acids. 2N0,+H,0-HN0.-fHN0, 

With sufficient 'quantity of cold water or with hot water, it gives 
nitric acid and nitric oxide. 3NO,+UaO-2HNOa-f NO. 

At ordinary temperature and in presence of excess of air, 
nitrogen dioxide reacts with water giving nitric acid only. 

4NOa + 2HaO+Oa-4HNOa. 

With an«alkali solution (caustic soda or caustic potash), it gives 
lise to a mixture of nitrate and nitrite. 

2NO, + 2KOH - KNO, 4-KNO, +HaO. 

(5) Nitrogen dioxide possesses remarkable oxidising properties. 
It oxidises sulphur dioxide to sulphuric acid in presence of steam, 

NO. +SO, + H.O - H.SO* + NO 

When nitrogen dioxide is passed over red-hot copper, the latter 
4s oxidised to black cupric oxide and the gas is reduced to nitrogen. 
This reaction may be used to prove the presence of nitrogen in 
nitrogen dioxide. 


4Cu+2NO,=:=4CuO+N, 
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It oxidises carbon monoxide to carbon dioxide, bydiogen 
sulphide to sulphur and liberates iodine from potassium iodide. In 
each case, nitrogen dioxide is reduced to nitric oxide. 

CO+NO,=COg+NO; H,S-fN0, = S + H,0+N0 
2KH-N0,-fH,0=2K0H+I*+N0. 

(6) Concentrated sulphuric acid absorbs nitrogen dioxide with 
the formation of nitric acid and nitroao sulphuric acid, also known 
as nitrosyl sulphuric acid. 

2NO, +H ,SO^ = SO.(OH)ONO -i- HNOs 

Nicro&o Si Ipburic acid 

(7) It may be reduced to ammoria by hydrogen in presence of 
platinum. 2NOj-f 7H9-2NHa-h4H,0. 

Uses : it is used in the preparation of nitric acid. 

Tests: (0 1 he gas can easily be detected by its deep brown 
colour and pungent smell. It may be stated here that nitrogen 
dioxide and bromine vapours are identical in colour and odour. 
In order to distinguish between the two, the vapours arc passed 
through water. Nirrogen dioxide gives a colourless solution 
containing nitrous and nitric acids while bromine dissolves in water 
giving a reddish solution. Nitrogen dioxide !<$ rot soluble in carbon 
disulphide whereas bromme is soluble n this solvent >ie1ding a 
brown solution. 


NITROGEN PENTOXIDE lNj,0,] 

Preparation : (A) Nitrogen pentoxide is prepared by dehydra- 

ting concentrated nitric acid by phosphorus pentoxide. 

2HNOa -f P9O,, - N,0, + 2HP0 , 

Meta phosphoric acid. 

Phosphorus pentoxide is added to well-cooled concentrated 
nitric acid taken in a retort. 1 he neck of the retort is connected 
with a receiver. The mixture on gentle luating on an water bath 
gives nitrogen pentoxide vapour which condenses to an orange 
coloured liquid m the receiver. The liquid when cooled in freezing 
mixture yields colourless crystals of nitrogen pentoxide. 

(B) It may also be obtained by passing dry chlorine over dry 
povdered silver nitrate heated to 60 C. 

4AgN0,+2CI, = 4AgCl+2N,0,+0, 

(C) Nitrogen pentoxide is obtained by the action of ozone on 
cooled liquid dinitrogen tetroxide. 

n,o.+o,=n,o,+o. 

Properties : Physical— (1) At ordinary temperature, nitrogen 
pentoxide is a colourless, crystalline solid. 

Chemical : (1) At 30"C, it first transforms into an orange colour* 
ed liquid vhich gradually decomposes into brown nitrogen dioxide 
gas and oxygen. At SO'C, the decomposition takes place with 
explosion. INgO. - 4NO. +0, 



Comparison of the oxides of nitrogen 




AI! the oxides of nitrogen ase reduced to nitrogen by bested copper, iroUi fodiiun and pol 
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(2) It is an acidic oxide and a hygroscopic solid. It readily 
dissolves in water producing nitric acid. Therefore, it is called the 
anhydride of nitric acid. 

N,0,-fH,0*3HN0,. 

The reaction with water takes place vigorously with evolution 
of much heat. 

(3) Feebly burning charcoal burns brilliantly in nitrogen pen- 
toxide vapours. Phosphorus, sodium burn in liquid nitrogen pento- 
xlde if warmed. 

(4) It behaves as an oxidising agent. Iodine is oxidised by it 
to iodine pentoxide (ItOs). 

Oxides of phosphorus : The chief oxides of posphoras are . 

( 1 ) Phosphorus trioxide—P,Os or (PaH,) 

(2) Phosphorus pentoxide — P,Os or (P 4 H 10 ) 


PHOSPHORUS TRIOXIDE [P.Oe] 

Preparation : Phosphonis trioxide is prepared by oxidising 
white phosphorus at ordinary or slightly elevated temperature in a 
limited supply of air. 4P+ 30, 2P,Oe 

Pieces of white phosphorus are taken in a tube. O^e end of the 
tube is coonected through a condenser to a U-tube kept immersed 
in a freezing mixture. A plug of glass wool is inserted in the 
condenser at the end near to the U-tube. Warm water at is 
circulated through the outer jacket of the condenser. Slow stream 
of air is then passed over the pieces of gently heated phosphorus 
through the other end of the tube when phosphorus burns and 1 $ 



Fig. 2(58) Preparatiofl of phosphorus trioxide 

oxidised to phosphorus trioxide. The oxide passes through the 
condenser in the form of vapour. It condenses to a solid mass in 
the cooled U*tube. A little phosphorus pentoxide which it also 
formed remains as floating particles in this condition and is arrested 
by the glass wool in the condenser. Passing of air through the 
appaifaitiis b maintained by a suction pomp* 
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Pjropenies: Physical— At ordinary temperature, phosphorus 
trioxide is a white, wax-like solid (melting point 23*8*C and bt^tng 
point l/S*C). It has a garlic odour. 

It is poisonous. Its vapour density is 1 10, which shows the 
correct molecular formula to be P 40 e. It is soluble in water and 
many organic solvents like either, benzene, carbon disulphide, chlo- 
roform etc. but it bursts into flame in contact with alcohol. 

Clremical : (0 Phosphorus trioxide is readily oxidised by air or 
oxygen to phosphorus pentoxide. Pg0B+0* = P,0a 

It burns with a green flame in chlorine or warm oxygen. (2) It is 
an acidic oxide and reacts with cold water producing phosphorus 
acid. Hence, it is known as the anhydride of phosphorus acid. 

P,0. + 3H3|0 = 2H3P0,. 

With hot water, it gives phosphine and phosphoric acid. 

2P,0a-f6H,0-PHB+3H,P04. 

The reaction takes place with a mild explosion. 

PHOSPHORUS PENTOXIDE [P.O J 

Preparation * (A) By oxidation of white phosphorus ‘ Phos- 

phorus pentoxide is readily prepared by burlniog white phosphorus 
in excess of dry air or oxygen. 4P + 50a -2Ps|06 

Pieces of white phosphorus are taken in a crucible and ignited 
with the help of a heated iron wire. The crucible is covered with a 
bell-jar when white clouds of pentoxide vapours along with a little 
phosphorus tnoxide are formed. The clouds on cooling settle 
down in the form of a soft white powder. To complete the oxida- 
tion, the bell-jar is lifted from to time for the entry of fresh air 
to the burning phosphorus 

The pentoxide c^intaining the lower tnoxide lo minute amount 
IS purified by sublimation in a current of dry air (or better ozonised 
air) over platinised asbestos acting as a catalyst. The trioxide 
gets oxidised to the pentoxide and the sublimate is collected in a 
cooled receiver. 

(B) By decomposition of ortho phosphoric acid : Ortho phos- 
phoric acid on being heated at a high temperature is dehydrated to 
give phosphorus pentoxide. When heated to 2I3X, orthophos- 
phoric acid is slowly converted into pyro phosphoric acid which in 
turn is transformed into raetaphosphonc acid at 316^C. On conti- 
nued heating at still higher temperature, metapho&phoric acid yields 
some phosphorus pentoxide. 

313X 

2H,P04 HbP.O, +HbO 

Pyrophosphoric acid 

316’C 

H.P.O, 2HPO, +H,0 

Metapbosphoric aad 

2HP0,,*P,0,+H,0. 
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Plroperties : Physical—’Ordinarily, phosphorus peotoxide is a 
white powder. On cooling, it begins to change into a crystalline 
solid looking like snow. It sublimes at 250'’C. Its vapour density 
)s 142 which corresponds to the molecular formula When 

kept in dark after a short exposure to light, it begins to glow. 

Chemical : It is an acidic oxide. It reacts with cold water with 
a hissing sound producing metaphos phone acid. With cxje&s of 
boiling water, it yields orthophosphoric acid. Metaphosphonc 
acid formed in the cold is also converted into orthophosphoric 
acid. Phosphorus pentoxide is said to be the anhydride of ortho- 
phosphoric acid. P.OaH-HgO =2HPOa 

HPOg+HgO^H.POg ; PgOg4 3HgO-2H8POg. 

It has a great affinity for water. It easily absoibs water or water 
vapour. It can also abstract the elements of water from other 
compounds. It dehydrate^ cone, sulphuric and nitric acids giving 
their anhydrides, the oxide itselt being col verted into metaphos- 
phonc acid. 

H,S0g-fP*08 = S08 4-2HP03 ; 2HN0,+Pg03=Ng08+2HP0. 

It dehydrates ethyl alcohol to ethylene 

CgH 30 H+Pg 03 -C 8 H^+ 2 HP 0 ^. 

Uses. (1) As a powerful hygroscopic substance, it is used m 
desiccators or gas-towers for drying moist solids, liquids or gases. 
It is a better dehvdratlng agent than cone, sulphuiic acid or 
anhydrous calcium chloride. 

(2) It IS also employed in the preparation of phosphoric acid. 

Oxides of sulphur ; Sulphur has two chief oxides. 

Name Formula At ordinary temp< Oxidation No. of S 

Sulphur dioxide SO, Gdseous +4 

Sulphur trioxide SO^ Solid +6 

Both the oxides are acidic m nature. Other oxides of sulphur 
are also known. 


SULPHUR DIOXIDE [SOJ 


I dioxide \^as fiist prepared by Priestley in 1774 by heating a mixture of 

and concentrated sulphuric acid. 


^maratlon : (A) By redneiug concentrated sulphuric acid : 

3^Mboratory method * In the laboratory, sulphur dioxide is 
^eraily prepared by beating copper turnings with concentrated 
sulphuric acid. Sulphuric acid is reduced by cojpper to produce 
sulphur dioxide. Copper sulphate formed remains in solution. 

Cu+2H8S03«CuS0g-|-S0.-|-2H80 
Copper turnings arc taken in a roundbottomed flask fitted with 
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a thistle funoel and a delivery tube. Concentrated sulphuric acid 

is then poured through the 
fuunel so that its end and the 
copper turnings remain under 
the liquid. The end of the 
delivery tube is introduced in 
a bottle containing concentra 
ted sulphuric acid. The bottle 
is attached with another deli- 
very tube, the end of which is. 
kept in a gas jar. On heating 
the flask slowlv, sulphur di- 
oxide is evolved. It is dncu 
by passing through concen- 
trated sulphuric acid and 
collected by upward displa- 
cement of air. To get the 
perfectly dry gas, it is collected over mcrcuiy. 

Vx 

N B. (a) Concentrated sulphuiic acid may also be reduced tu sulphur dioxtde 
by heating with the m#‘taK like silver, mcrcuiy and the noa-metals like carbon or 
sulphur 

2Ag+2H,SO* - Ag,SO,-t SO, ^2H,0 , 2H,SO^- H«^0*+S0.^ 2H.O 

C4-2H,SO,“-CO.-H2bO, + 2H«0 , 2H,SO* "SO, 

(b) Copper sulphate m'ly be oht'*ned fiom the liqj’d Kfl in the flask after the 
evolution of sulphur dioxide Ihe pquid is diluttd and evaported when the blue 
crystals of copper sulphat^ separate out 

(B) From sulphites and bisulphites ooloher dioxide is evolved 
when a sulphite or a bisulphite ib trebled with dilute sulphuric acid 
or hydrochloric acid at room tempera* urt 

CaSOa -b 2HO =- CaCi, -1-H + SO a 

Na-SO. -hH^SO* NdjSO^-f 
^ NaHSOsH-H.SO^^NaHSO^-t H,0-i SO, 

(c) Sulphur dioxide ni*. / be synthesised bv burning sulphur iu 
air or oxngen. 8-4-0, SO 

(d) By roaiiting mineral soipbidcft On a commercial scale, 
sulphur dioxide is prepared by roasting iron pyrites in air. 

4FcS,-fllO,- 21 c,03 + 8S0, 

Sulphur dioxide is obtained as a byproduct during roasting of 
many mineral sulphides. 

• 2ZnS+30,-2ZnO‘f2SO, 


Properties: Physical -(D Sulphur dioxide is a colourless gas 
having a suffocating odoui of burning sulphur. (2; It is heavier 
than air. (3) It is highly soluble in water. (4) Dry sulphw 
dioxide can be liquefied easily to a colourless liquid by the appli* 
caHon of pressure (2 5 atm. at I5'C) or by coolmg lO freesiag 
mixture under ordinary pressure. 
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Chemietl : (1) Sulphur dioxide isk not combustible and ordinarily 
does not support combustion but bumingg sodium, potassium, iron 
powder, magnesium etc. continue to burn in the gas. 

''4K+3SOs=K^SOs+KaS,Oa (potassium thiosulphate) 

. 3FeH-SOa=2FcO+FeS; 3Mg+SO,=2MgO+MgS. 

In these reactions, sulphur dioxide behaves like an oxidising 
agent. 

(2) It is an acidic oxide. It dissolves in water giving an unstable 
weak, dibasic acid known as sulphurous acid (H^SOa) which turns 
blue litmus red. Its aqueous solution on being heated expels 
sulphur dioxide again. It is called the anhydride of sulphurous acid. 

heated 

S0,+H,0=H,S0a : H.SO^ ►SO^+H.O. 

It reacts with the basic oxides giving sulphites and with alkalis, 
yielding two types of salts — sulphites and bisulphites. 

CaO-f-SO.-CaSO, ; 2NaOH-f SO.-Na.SOg+H.O 
NaOH-hSO, = NaHSO,. 

Sulphur dioxide reacts with sodium carbonate solution forming 
sodium bisulphite with evolution of carbon dioxide. In presence of 
excess of sodium carbonate, sodium sulphite is formed. 

Na,C0,+H,04-2S0.«2NaHS0a4-C0, 

2 NaHS 03 4-Na,C0a-2Na,S0«+C08-hH,0 

Sulphur dioxide turns clear lime water milky due to the 
precipitation of insolube calcium sulphite which forms soluble 
calcium bisulphite with excess of the gas. Consequently, the 
fflilkiness disappears. 

The milkiness reappears on boiling the solution as the bisulphite 
in the solution decomposes to produce insoluble sulphite again with 
evolution of suiphur dioxide. 

Ca(OH) , -f SO, = CaSO, 4- H ,0 
CaS0,-fH,04-S0,= Cd(HSOa), 

Ca(HSOe), = CdSOa + H,0+ SO, 

(3) Sulphur dioxide is oxidised to sulphur trioxide by oxygen or 
air at 4S0X in presence of a catalyst like platinum or vanadium 
pentoxide. This is the main reaction in the contact process of 
manufacturing sulphuric acid. 2SO, -fO, 2S08. 

This oxidation may also be brought about by nitrogen dioxide 
acting as a catalyst. Sulphur dioxide is also oxidised by ozone. 

3S0,+0,»3S0, 

(4) Suiphur dioxide possesses remarkable reducing properties. 
^hen passed through chlorine or bromine water orwater containing 
suspended iodine, it reduces the halogen to the hydracid, it itself 
being oxidised to sulphuric acid. 
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In these cases, the reduction is caused due to the addition of 
electropositive hydrogen to the halogens. 
CU+S0,-f-2H,0=2HCl+H,S04 
I,+S 0 ,+ 2 H, 0 = 2 HI+H,S 04 

It reduces ferric chloride solution to ferrous chloride* the 
colour of the solution changes from yellow to colourless or 
slightly greenish. During reduction, tnvalcnt iron is converted 
into bivalent iron or the proportion of electro-negative element 
chlorine is decreased. The pink solution of acidihed potassium 
permanganate on being treated with sulphur dioxide becomes 
colourless. The gas reduces permanganate to manganous salt when 

heptavalent manganese (Mn is changed to bivalent manganese 
(Mb 

Sulphur dioxide turns orange yellow solution of acidified 
potassium dichromate green reducing the dichromate to 

chromic salt. Here, hexavalent chromium (Cr ^ is transformed 


IS found to act as ait 


into trivalent chromium (Cr While reducing, sulphur dioxide 

itself is oxidised to sulphuric acid. 

2FeCl, 4-S0,+2H,0=2FeCl,+2HCl+H,S0, 

2KMn04 4- 5SO, +2H 4O = ^ *,5®^ 

K,Cr,0»+3S0,+H,S04--K,S04+Cr,(S04),+H,0, 

It reduces nitric acid to nitrogen dioxide (brown gas) and 
hydrogen peroxide to water, 

so, +2HNO, =H,S04 +2NO, 

H,0,+H,SO, = H,0+H,S04. 

(5) In some w scs, sulphur dioxide 
oxidising agent. 

Generally, the gas is a non-supporter of combustion. But 
burnmg magnesium, sodiuip, carbon burn in the gas. 

iioo®c 

C-hSO. ►co.+s ; 2Na+3S0,-Na.S0.-hNa^S,0^ 

These are the examples of oxidation by sulphur dioxide. 

It oxidises moist hydrogen suU'‘hidc to sulphur. In strongly 
acid meduim, ferrous chloride is oxidised into feme chloride by 
sulphur dioxide. 

2H,S-f S0.-2H,0+3S 
4FcCI,+4llCl4*SO,- 4FeC!»+2HaO+S 

M n Wehndthat sulphur diox.de can act as a red unng agent as well M an 
. Ir 1 nxi^sS 10 sulphur inoxide by takiug up oxygen from 
oxidising agent. « action of this ^ is is due to its ability to accept 

other substances I he Ikmcntary sulohur by giving up its oxygien to 

SSriubs& to Its reducing property. The omdisin. 
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and reduaog properties of SO, can be easily explained in the light of oxidation 
number. In SO,, the oxidation number of sulpbur is +4. The oxide can be 
oxidised to a compound (SO,) m which the oxidation number of sulphur +6. and 
hence can act as a reducing agent. Moreover, sulphur dioxide can be reduced to 
elementary sulphur with an oxidatio i number O. So. due to the decrease of oxi- 
dation number from -f 4 to O, sulphur dioxide can act as an oxidant. 

(6) In some reactions, 6uiphur dioxide forms additive compounds 
with some elements or compounds. 

SO, -f-Cl, - SO,Clg uQ presence ot sunlight or camphor catalyst) 
Sulpburyl chloride 

SO, + PbOg--PbSOg 1 Na,0,+S0,-Na,S0g 

(7) When d saturated aqueous solution of sulphur dioxide 
(sulphurous acid) is heated in a sealed tube to 150'C, a yellow 
solid separates. This yellow solid substance is sulphur. When dry. 
It dissolves to carbon disulphide and burns in air producing sulphur 
dioxide which turns a piece of paper soaked in orange yellow 
solution of acidihed potassium dichromate green. 1 his conclusively 
proves that sulphur dioxide contains sulphur. 

3H,S0g=S+2H,S0g+H,0. 

(8) It is a bleaching agent. It decolourises many coloured 
organic matter in presence of water. Perfectly dry gas has no 
bleaching action on a dry coloured substance. It is probable that 
sulphur dioxide reacts loilially with water producing nascent 
hydrogen which bleaches the colouring matter. 

- SO,-f 2 H[, 0 -H,S 04 + 2H ; coloured substance -I- 2ll»= colourless 
product. 

Comparison of the properties ofsnlphurdioxide and carbondioxide t 

Sulphur dioxide and carbon dioxide show marked similarities 
and dissimilarities in their properties Both the compounds are 
colourless gases which can easily be liquefied. They are heavier 
than air. Carbon dioxide is odourless while sulphur dioxide 
possesses a suffocating stncli ot burning sulphur. 

Both sulphur dioxide and carbon dioxide are neither combus* 
tible nor supporter of comdu^tion. Both are acidic oxides and 
dissolves readilv in water giving unstable, weak sulphurous acid 
and carbonic acid respectively. 

SO,+Hg05±H,S03 ; CO,4-HgO^H,COa 

As acidic oxides, they react similarly with basic oxides or alkalis 
producing salts. 

SOg+CaO- CaSOg ; CO* f CaO^-CsCOg 

SOg + NaOH =NdHSOg . SOg-|-2NiOH =NigS03-pHg0 

COg-hNaOH^NaHCOg ; CO, 4-2NdOH-NagCOg + HgO. 

Both the oxides on being reacted with lime witer give rise to the 
similar products. Sulphur dioxide possesses remarkable reducing 
and bleaching properties whereas carbon dioxide has none of the 
these. Thus, sulphur dioxide turns orange yellow solution of 
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acidified potassium dichromate green as it reduces the dichromate 
to the green coloured chromic salt. No such reduction can be 
brought about by carbon dioxtde. In CO«, carbon is in its highest 
state of oxidation (+4). Thus, it can act only as an oxidant ; it 
can never behave as a reductant or form an addition product. On 
the otherhand, the oxidation number of sulphur in SO, is+4 it can 
be increased to +6 or reduced to O. So, sulphur dioxide can act 
as both an oxidising and a reducing agents. It tends to form addi- 
tion compounds. 

The molecule of CO, is linear while that of SO, po sesses an 
angular structure, with the O- S~0 angle of about 120"* 

S 

o-c=o 

o o 

Comparison between the bleaching properties of snlphor dioxide 
and chlorine : (a) Both «^ulphur dioxtd^ and chlorine bleach in 

pjcscnce of moisture None of the sub^iauccs when dry is capable 
of bleaching any dry colouring matter 

(b) Sulphur dioxide acts upon the moisture (water) liberating 
nascent hydrogen Thi:> reactive hydrogen the reduces the 
coloured substance with the formation of a colourless product. In 
the case ot bleaching Dy chlorine, chlorine firstly reacts with water 
producing nascent oxvgen which subsequently oxidises the colouring 
matter giving ri»e to the colourless product. 

SO,-+ 2Hj|0- H,S 04 *f 2H; Coloured substance‘f2H-^Co]ourless 

reducuon product. 

Cl,*f H,0 = 2HC14 O ; Coloured substance 4 Colourless 

oxidation product. 

Herce sulphur dioxide bleaches by reduction whereas chlorine 
by oxidation, 

(c) fo many caSt , the original colour of i substance bleached 
by sulphur dioxide i’> r 'stored on cxpo'^u^c to air and lipht or by 
the action of cold dilute upnuiic acid. This happen as the 
decolorized substance gets oxdised to the original subz»<>ncc. But 
the col >uicd suhslancc b catbed b> chlorine cm ncvci be brought 
to Us original colour ihu^, dcco'ouris Uioa by xilphur oioxidc is 
not always permanent while bleaching action oi chlorine i« 
permanent. 

(d) .Sulphur dioxide IS i Uiilder biVac>'ing agent than chlorine. 
Delicate uiticics tuc’i as sdk uool etc arc likely ro be damaged 
when bk ached by chloriiie o - phur dioxide, on the oi ;tr hand, 
bleaches these sub taiic s easily vvuhoul causing ij»|ary. 

Experimenia fo iiluHtraie the important propfrtics of fiolphnr 
dioxide : 

(i) U IS noncnmbustihle and onhnanly does not support combus- 
tion. Wild a lighied taper is n troauced in a j£.r oi sulphur dioxide, 
the taper is exidtinguisbed and the gas does not burn. 
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(fi) It is highly soluble in water and tthe aqueous solution is acidic 
tnrniiig blue litmus red. 

FoontaiD czperimeDt : A rouodbottomed flask is fitted with a cork 
through which passes a long tube ending 
in a jet inside the flask. The flask is 
filled with sulphur dioxide and clamped 
in an inverted position so that the other 
end of the tube dips in water coloured 
blue by litmus. The flask is then 
cooled when the gas contracts and a 
partial vacuum is created inside. As a 
result, the blue solution rises up through 
the tube and enters the flask m the form 
of a fountain. The blue litmus solution 
in the flask turns red. This experiment 
proves simultaneously the solubility of 
sulphur dioxide in water and the acidic 
character of its aqueous solution. 

(iff) It is a powerful reducing agent 
Acidified potassium dichromate solu- 
tion, acidified potassium permanganate solution, acidified ferric 
chloride solution and bromine water or water containing sus- 
pended iodine are taken separately in four test tubes. Now, sulphur 
dioxide is passed through each of the tubes and the change of 
colour IS noted in each case. It is seen that the*pmk potassium 
permanganate solution has been decolourised, orange yellow solu- 
tion of patassium dichromate has become green, yellow colour of 
the ferric chloride solution is discharged or turns slightly greenish 
and the bromine water has become colourless. All these real ions 
are good examples to illustrate the reducing action of sulphur 
dioxide. (The changes involved and the equations have been 
described under the chemical properties of sulphur dioxide). 

(iv) Sulphur dioxide is a good bleaching agent. It cannot bleach 
10 alienee of water, When some dry coloured flowers are plunged 
into a gas- jar containing dry sulphur dioxide, flowers are not 
decolourised. But the flowers when moist arc immediately bleached 
by the gas. 

Uses : (1) Sulphur dioxide is mainly used in the manufacture 
of sulphuric acid and in the preparation of metallic sulphites and 
bisulphites employed in paper industry. (2) It finds its application 
as an excelleut disinfectant in fumigation and as a germ killer in 
agriculture. It is used in preNeving fruits, meat, wine etc. (3) It is 
used in bleaching delicate materials like wood, silk, etc. (4) Liquid 
sulphur dioxide is employed as a refrigerating agent. (5) Sulphur 
dioxide gas is also used as an antichlor to remove excess of chlorine 
from substances bleached by chlorine. 

Tests X (1) Sulphur dioxide may be detected by lits characterise 
tic suffocating smell of burning sulphur* (2) A piece of paper 



Fig. 2(60) Fountain 
experiment 
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soaked in acidified potassium dichromate solution is turned green 
when held in the gas* (3) The pink colour of the acidified solution 
of potassium permanganate is discharged by the gas. (4) A piece 
of paper moistened with a solution of potassium iodate and starch 
is turned blue by sulphur dioxide. 

2KIOa+5SO,*f4HaO = I,+2KHSO^+3H,SO^ ; Starch + 1, -♦Blue. 

SULPHUR TRIOXIDE [SO*] 

Preparation : (A) Laboratory method : In the laboratory, sul- 
phur trioxide is prepared by dehydrating concentrated sulphuric 
acid by phosphorus pentoxide. 

H,S 0 ^H-Pa 0 a-S 0 a+ 2 HP 03 

On distillation of a mixture of concentrated sulphuric acid and 
phosphorus pentoxide in a retort, sulphur trioxide collects as a 
distillate and metaphosphoric acid formed remains in the retort. 

(B) Sulphur dioxide is not easily oxidised to sulphur trioxide 
by the action of oxygen. But when a mixture of sulphur dioxide and 
excess of oxygen (air) is passed over platinised asbestos or vanadium 
pentoxide (catalyst) heated to 450'C, fumes of sulphur trioxide are 
evolved. The fumes on cooling in a receiver kept immersed in a 
freezing mixture form the colourle&s crystals of suiphur trioxide. 

2SO,-fOa^2SOa 

In fact, this is the main reaction in the manufacture of sulphuric 
acid by the contact process. 

(C) It can also be obtained by heating anhydrous ferric sul- 
phate, ferrous sulphate or sodium bisulphate. 

Fe3(S04)g =■ FCjOg +3SO3 I ^FeSOg = FcgOg H-SOg-f-SOg 
2NaHS04 = NagSgO^ + HaO ; NugSgO, -NagSOg+SOg 

Properties : Physical — At ordinary temperature, sulphur crl- 
oxide IS a colourless, silky, crystalline solid. 

Chemical : (1) When passed through a red hot tube, it breaks 
up into sulphur dioxiuc and oxygen. 

2S03^2S0g4-0, 

(2) Sulphur trioxide is sn acidic oxide and a strong hygros- 
copic substance. It fumes ir the moist air and reacts vigorously 
with cold water producing sulphuric acid and pyrosulphuric acid. 
This is why, it is called the mixed anhydride of the two acids. 

SOg+HgO.-HgSO^; 2S0g-hH,0-HgSg0,. 

The reaction with water takes place with a hissing laound and 
with evolution of great amount of heat. The , oxide directly unites 
with some basic oxides giving sulphates. 

Nag 0 +S 0 g-=Na,S 04 ; BaO+SOg^BaSOg. 

(3) With hydrochloric acid, it forms chlorosulphonic acid. 

S0g+HC1=C1SO,H. 

(4) It dissolves in 98% sulphuric acid producing sulphuric acid 
but the major part forms pyrosulphuric acid. This is caHed 
fuming sulphuric acid or oleum. 

S 0 g+H,S 04 *H,S, 0 ». 
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NITROUS ACID [HNO,] 

Nitrous acid is a very unstable compound. It can never be obtained in the pure 
state. The free acid is only knoan in solution but its salts, the nitrites, are however 
stable, crystalline compounds. 

Preparation ^ (A) When ice-cold barium nitrite solution is 
treated with theoretical quantity of cold dilute sulphuric acid, 
nitrous acid and barium sulphate are formed by double decomposi- 
tion. Ba(N 02 )a-fHjS 04 = BaS 04 + 2 HN 0 g 

The precipitated barium sulphate is filtered ofT and the result- 
ing filtrate is an aqueous solution of nitrous acid. 

(B) Nitrous acid can also be obtained by treating welUcooled 
<queous solution of other nitrites with dilute hydrochloric or 
silphuric acid. NaNOa-f HCl = NaCl+nNOa 

(C) The aqueous solution of the acid is also obtained by the 
action of nitrogen trioxide onjwater at O C. 

Na08 + Ha0 = 2HN0a 

Properties: (1) Nitrous acid is an unstable, weak, monobasic 
acd. Its aqueous solution is pale blue in colour. Tl^e acid decom- 
p>ses to nitric acid and nitric oxide on keeping or heating. 

3HN0, = I 1 N 03 + 2 N 0 +Ha 0 . 

At higher temperatures, nitrogen peroxide and nitric oxide are 
evolved. 2HNOa^NOa+NO+HaO. 

The salts of the acid are known as nitrites such as potassium 
nitrite KNO,, silver nitrite AgNOg etc. Metallic copper or silver 
dissolves slowly in the solution of the acid. 

Cu+4HN0,=Cu(N0,)a-f2N0-f2H,0. 

(2) Nitrous acid is a leactive substance. It possesses both 
oxidising and reducing properties. Thus, it reduces hydrogen 
peroxide to water, chlorine and bromine to their hydracids. 

HN0,+H,0, = H,0+HN08 

HN0a+Brg+H,0 = 2 HBr+HN 03 . 

Bromine water becomes colourless. It decolourises the violet 
colour of an acidified solution of potassium permanganate as Che 
acid reduces the permanganate in acid to manganous salt. Alkaline 
solution of potassium permanganate has no action on nitrous acid. 

5HN0.+2KMn04+3H3S04-5HN0B-l-K,S04+2MnS04 

+3H,0 

In each of the above reactions, nitrous acid itself is oxidised to 
nitric acid. 
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(3) The oxidising properties of nitrous acid are vey remarkable. 
It oxidises stannous chloride to stannic chloride, acidified potassium 
iodide to iodine, sulphur dioxide to sulphuric acid and acidified 
ferrous sulphate to ferric sulphate. 

SnCU + 2HCl-f2HN0, = SnCU-f2N0+2H,0 

2KI-+2KNO,+2H,SO* = U-l-2KaSO*+2NO+2HaO 

SOa+ 2 HNOa -HaSO^H- 2 NO 

2FcSO4-f2KNOa + 3HaSO^-Fca(S0J,+2KHSO^ + 2NO+2HaO 

Hydrogen sulphide is oxidised to sulphur when passsed through 
1 solution of nitrous acid. FljS-f 2 HNOa=^S-F 2 NO+ 2 HaO. 

In each of the reactions ju^t mentioned, nitrous acid itself is 
reduced to nitric oxide. 

Nitrous acid can act as a reducing agert because it is capable of being oxidised to 
nitric acid by taking an ox>gen atom fiom other substances On the other hand it 
acts as do oxidising agent because it is easily reduced to nitric oxide 

(4) Nitrous acid reacts with ammonia, ammonium salts or 
an organic compound containing amino (-NHj) group liberating 
nitrogen 

NH, I HNOa Nll^NO,-+Na 4 211,0 
NII.CI+IINO, N,-h2H,0+HCl 
2 HNO,-fCOfNH,), 2N, f CO, 

ITrca 

Ubcs It IS mainly used tor the detection of - NH, group in 
tne organic compounds It is also employed in the organic syntheses. 

Tests for nitrous acid and nitrites ( 1) Vn aqueous solution of 
nitrous acid or a nitrite Melds reddish brown fumes of nitrogen 
dioxide on acidihcation with dilute suiphuiic acid. 

(2) Nitrous acid or a nitrite solution liberates lodmc from an 
acidified solution of potassium iodide Ihe liberated iodine turns 
starch solution intense blue. 

(3) The acidified potassium peiraanganate solution is decolouri- 
sed by nitrous acid or a nitrite solution. 

(4) A solution of meta phenylcnc diamine is coloured brown 
when acted upon by nitrous acid or a nitrite solution. 

NITRIC ACID IHNOg] 

The uses of nitric acid >^ere known to the alchemists They called it aqua lortis. 
It was lirst obtained by Cdauber (I648j bv disitiung nitre (KNO,i with sulphuric 
acid ^ 

preparation : Laboratory method— In the laboratory, nitric acid 
i^repared by heating potassium nitrate (or sodium nitiate) with 
concentrated sulphuric acid at about 200 C. 

KNOg +H,SO, =KHS04 +HNO 3 . 

Equal parts by weight of potassium nitrate (or sodium nitrate) 
and concentrated sulphuric acid are taken in a stoppered glass 
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retort, the neck of which is introduced into a roundbottomed flask 

(receiver) floating on and 
kept cooled by water. The 
retort is then kept on a 
wire gauze and clamped to 
a stand as in Fig. 2(61). On 
heating the mixture in the 
retort slowly to about 
200' C, nitric acid vapour 
evolves and collects in the 
watercooled receiver as a 
yellowish liquid. 

The acid thus obtained 
is not pure. 

It has a yellow colour 
owing to the presence of some dissolved nitrogen dioxide resulting 
from the decomposition of the acid. 

4HN0„ = 4N0*-f0*+2H,,0. 

The acid containing water and nitrogen dioxide as impurities is 
distilled at low pessure with concentrated sulphuric acid when 98% 
nitric acid is obtained. The oxide of nitrogen is removed by 
bubbling air or carbon dioxide at 70' C through the acid till it 
becomes colourless. Pure nitric acid completely free from water 
may be obtained as colourless crystals by freezing the 98 percent 
acid at -42‘'C. 

N.B. (1) CoDceotrated sulphuric acid is not a volatile acid and if conveoientl> 
used to expel the volatile nitric acid from a nitrate. Hydrochloric acid, on the other 
hand, is a volatile acid, even more volatile than nitric acid. It hydrochloric acid is 
used to decompose a nitrate, the acid will imariably distil along with the nitric 
acid vapour and collects in the receiver. This is why hydrochloric acid is unsuitable 
for the preparation of nitric acid by the above method. (2) If the mixture of 
potassium nitrate and concentrated sulphuric acid is heated above 200*’C, the 
reaction between the potassium bisulphate and potassium nitrate takes place Cat 
about 800*'C) producing more nitric acid and potassium sulphate. 

KN0,4 KHSO^-K.SO^+HNO,. 

But this reaction at the higher temperature is not allowed to take place for 
some reasons, f’irstly, at the high temperature necessary to effect the reaction, a 
considerable amount of nitric acid decomposes into nitrogen dioxide, oxygen and 
steam. Secondly, the product potassium bisulphate resulting from the first reaction 
remains in molten state and is easily removed from the retort. But the potassium 
sulphate obtained as a product of the second reaction remains in the solid state and 
cannot be easily removed. Moreover, nitric acid vapour at higher temperatures 
attacks the materials of which the retort is made. 

Properties: Physical— (1) Pure nitric acid is a colourless, 
fuming liquid of specific gravity 1’52 at 15 C. (2) It boils at 86‘'C 
and freezes at— 42X into a transparent crystalline substance. (3) It 
is highly soluble in water. 

Chemical : (1) Action of heat : Nitric acid is readily decomposed 
by heat yielding oxygen, steam and brown vapours of nitrogen 
dioxide. 4HN08=4N0a+0g+2H.0. 

This decomposition also takes place slowly even in sunlight. 
This is why concentrated acid turns yellow in sunlight. 


tOM Hib04 



Pig. 2(61) Preparation^of nitric acid 
in the laboratory 
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Nitric acid exhibits three different modes of chemical behaviour : 

It acts (a) as an acid, (b) an oxidising agent and (c) a nitrating 
agenty 

O) Acidic properties of nitric acid : It is a strong monobasic 
acid. It possesses all the genera) characteristics of an acid in 
aqueous solution. It lonues almost completely to nitrate and 
hydrogen (hydroxonium) ions. HNOa^H+-hNOa". It turns blue 
litmus solution red and liberates carbon dioxide from a carbonate 
or a bicarbonate, 

NaaCOa-f2HNOa-2NaNOaH-COa-fHaO 
^ NaHCOa+HNOa-NaNOa + COa + HaO 

It reacts with basic oxides and hydroxides giving salts and 
water. 

Ca04 2HNO,> Ca(N 03 )a 4 Ha 0 

CUO42HNO3-- Cu{NOa\4HaO 
JsraOH4HNO« - 

Magnesium and manganes displace hydrogen from very dilute 
nitric acid and dissolve in the latter producing the metallic nitrates. 

Mg42HNOa- Mg(NOa)a+Ha 

Other metals standing above hydrogen in the electro chemical 
scries fail to liberate molecular hydrogen as the nascent hydrogen 
initially formed is oxidised to water by the oxidising action of the 
acid. 

Being a mono basic acid, it gives rise to normal salts only. All 
nitrates arc soluble in water excepting bismuth oxynitrate, BiONOa. 

(3) Oxidising properties of nitric acid ; Nitric acid is a powerful 
oxidising agent. The acid, particularly when hot and concentrated, 
liberates nascent oxygen which oxidises the metals, non-metals and 
various compounds. The acid itself is reduced iu oxides of nitrogen. 

fa) When heated with concentrated nitric acid, most non-metals 
are oxidised to their oxides or highest oxy-acids. Nitric acid itself is 
reduced to nitrogen dioxide or nitric oxide. Thus, hot and 
concentrated nitric ucid oxidises carbon to carbon dioxide, sulphur 
to sulphuric acid. 

C4-4HNOa = CO^-l-4NOa+2HaO 
..S46HNOa-HaSO^+6NOa42HaO. 

Phosphorus and iodine are oxidised to phosphoric acid and 
iodic acid respectively by the action of hot, concentrated nitric 
acid which is as usual reduced to nitrogen oxides. 

v,4P + 10HNOa+HaO-4HaPOa4-5NO+5NOa 
_4 + 10HNOa =2HIOa+10NOa+4H.O. 

Oxygen, nitrogen, chlorine and bromine are not attacked by 
nitric acid. 
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The equations of the oxidation reactions may by represented by the partial equa- 
tions. The oxidation of sulphur is as follows— 


6HN0,=:6N0,4-3H.0+3, O 


S4-3.0-S0, 

••■(2) 

S0,+H,0-H.S0* 

-(3) 


On adding (1\ |2) and (3), we get 

6HNO, + S = 6NO* 4 H.SO* 

(b) The oxidising action of nitric acid on metals is very 
important. Most metals except gold, platinum, iridium etc. are 
oxidised by nitric acid to their nitrates or oxides. While oxidising, 
the acid is reduced successively as follows : 

+ 5 +4 +3 +2 -hi 0 -3 

HNO„ — >NO, fHNO^ >NO — ►N^O- — ►NHs. 

The nature of reduction product will depend on the concentra- 
tion of the acid, temprature, activity of the metals and the concen- 
tration of the products formed. Generally, the metals (except 
magnesium and manganese) do not displace hydrogen from nitric 
acid. Certain metals like iron, chromium etc. are rendered ‘passive"' 
or protected by oxide films in concentrated acid. The reactions of 
some metals with nitric acid are shown below. 

^Reactions with copper : (i) Hot and concentrated nitric acid 

auacks copper giving cupric nitrate (blue solution), nitrogen 
dioxide (brown) gas and water. 

Cu-h4HN03= Cu(N 03 ) 3 -f 2 N 03 + 2 H 30 

(ii) Cold nitric acid of moderate strength (1:1) acts on copper 
yielding cupric nitrate, nitric oxide gas and water. 

3 Cu-h 8 HN 0 a- 3 Cu(N 03 ),+ 2 N 0 H- 4 H, 0 . 

(iii) Cold and very dilute acid reacts with copper producing 
cupric nitrate, nitrous oxide gas and water. 

4Cu+10HNOa -4Cu(NOs\-f-NaO-i-5HaO. 

(iv) The* reaction between heated copper and vapours of nitric 
acid produces cupric oxide (black), gaseous nitrogen and steam. 

5Cu 4- 2HNO 3 = 5CuO -h N a -h H aO. 

^^Reactions with zinc : (i) Zinc, with hot and concentrated nitric 

acid, gives zinc nitrate (colourless solution), brown nitrogen dioxide 
gas and water. 

Zn 4- 4HNOa = Zn(NOa) , + 2NOa -h 2HaO. 

(ii) Cold and moderately concentrated nitric acid (1 : 1) reacts 
with zinc yielding zinc nitrate, gaseous nitric oxide and water. 

3Zn4-8HNOa = 3Zn(NO)a),+2NO-f4HaO 

Jii) With cold and dilute nitric acid, zinc gives zinc nitrate, 
nitrous oxide and water. 

4Za4- lOHNOa =4Zn(NO,)* +Na04- 5H,0. 
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(iv) Cold and very dilute nitric acid is reduced to ammonia 
which combines with the excess of the acid present to form 
ammonium nitrate. Other products are zinc nitrate and water. 

4Zn + IOHNO3 = 4Zn(N08) 3 -f- NH^NO. +3H3O. 

\Aeactions with iron : (i) Iron does not react with concentrated 

or fuming nitric acid. The metal is rendered passive by such acid. 

(ii) With hot and concentrated acid^ iron gives ferric nitrate, 
nitrogen dioxide and water. 

Fc-f 6HNOa = Fc(NOa) 3 + SNO. + 3H3O. 

(lii) Cold and dilute nitric acid reacts with iron producing 
ferrous nitrate, ammonium nitrate and water. 

4Fc+10HNOs=4Fe(NO„)3+NH^NO3+3H3O. 

\Reactions with magnesium : (i) Magnesium on being reacted 
with cold and moderately concentrated nitric acid yields magnesium 
nitrate, nitric oxide and water. 

3Mg-f 8HNO3 = 3Mg(N03)3 +2NO+4H3O. 

(ii; Magne&ium liberates hydrogen from cold and very dilute 
nitric acid. Mg+2HN0a = Mg(N03)3-f H,. 

Dilute nitric acid on being reacted with impure aluminium 
produces aluminium nitrate. Aluminium is not attacked by 
concentracted nitric acid. It is probable that a part of the metal is 
first oxidised to aluminium oxide which forms a protective layer on 
the metal and prevents further reaction. This is why concentrated 
nitric acid can be kept in aluminium vessels. 

The reactions of nitric acid with other metals will be discussed 
in part II of this book. 

Tt is clear that the mode of reaction between nitric acid and metals is not a 
simple process. In its action, nitric acid plays a double role. It simultaneously 
acts as an acid and an oxidising agent. While oxidising, the acid is itself reduced 
to the oxides of nitrogen and even to ammonia. 

Different theories have been put forward to explain the action of nitric acid on 
the metals. 

(a) Oxidation theory : The metals like copper, silver, mercury which stand 
below h>diogen in the electrochemical series are unable to displace hydrogen from 
nitric acid. These metals are first oxidised to their oxides which dissolve in excess 
of the acid producing the respective nitrates. Nitric acid, at the same time under- 
goes reduction to nitric oxide. 

3Cu+2lfN0. = 3Cu0+2N0+n,0-U) 

CU04-2HN0, =Cu{NO,).-i H,0 .. (2^ 

(1) 3=3Cu+8HN0, = 3Cu(N0,),+2N0+4H,0. 

Strong nitric acid when used converts nitric oxide into nitrogen dioxide by 
oxidation, 2HN0, + N0-3N0, + H*0 

(b) Nascent hydrogen theory : According to this theory, the 
metals like zinc, iron etc. which are above hydrogen in the electro 
chemical series initially attack the acid liberating nascent hydrogen 
which then reduces the excess of nitric acid to various oxides of 
nitrogen or to ammonia. DifiTcrent reduction products are formed 
under different conditions and according to the strengths of the 
acid and the electrochemical character of the metals. 

HNOa-^NO.-^N.Og-^NO-^N.O-^Nj-^NH,. 

(HNO.) 
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According to this theory» the action of zinc on nitric acid is 
explained as follows : 

With concentrated acid, Zn+2HNOe=Zn(NOB)a'f 2H 
2HNO, + 2H = 2NOa -h 2H ,0. 

■■Zn+4HNO,-Zn(NO;)a+2NOaH-2HaO 

With dilute acid, 4Zn+8HNOB = 4Zn{NOB)a + 8H 
HNOa +8H = NHe 4- 3H.O 
NH34-HN0b=NH^N03 
4Zn-h lOHNOa - 4Zn(N03"), + NH^NO. -f 3H,0" 

(e) Nitrous acid theory : It has been suggested that nitrous 
acid plays a vital role in the course of reactions between nitric acid 
and the metals which are less electropositive than hydrogen. Pure 
nitric acid in the absence of nitrous acid has no action on copper, 
silver or mercury. Traces of nitrous acid are present in nitric acid 
due to the decomposition of the latter. The minute quantity of 
nitrous acid first attacks the metals forming metallic nitrites and 
nitric oxide. The metallic nitrites initially formed react with 
nitric acid to produce the nitrates and nitrous acid. 

The nitric oxide further reduces nitric acid to nitrous acid. Thus, 
the proportion of nitrous acid gets increased. The action of 
copper on nitric*acid, according to this theory, is shown below. 

CU+4HNO3- Cu(NOb)b4-2HbO+2NO ^1) 

Cu(N0,), + 2 HN 03 =Cu(N 03 )b + 2HN0j, ^ (2) 

HN03-|-2N04Hb0=3HN0b (3) 

Now, (1) X 34-(2) x3 + (?) x2, we get 

3Cu48HNOb = 3Cu(N03),4'4Hb042N0. 

(c) Nitric acid oxidises various inorganic compounds, flot 
dilute or cold concentrated nitric acid oxidises potassium iodide 
(or bromide) liberating iodine (or bromine). The acid, itself is 
reduced to nitric oxide. Here, oxidation occurs due to the 
removal of electropositive metal. 

6KX4 8HN08 = 3Xa46KN0842N044Ha0^X-Br, 1) 

Hydrogen sulphide when passed through cold and concentrated 
nitric acid is oxidised precipitating sulphur. It may further be 
oxidised to sulphuric acid. Sulphur dioxide on being heated with 
the acid gets oxidised to sulphuric acid while nitric acid is reduced 
evolving nitrogen dioxide (brown gas). 

3HbS+2HN08 = 4HbO + 2NO+3S 
HbS+SHNOb =4HbO+8NOb+H,SO^ 

SO, 4-2HN08 = HjSOb -h2NO, 

Concentrated nitric acid oxidises ferrous sulphate solution 
acidified with dilute sulphuric acid to ferric sulphate, HNOg being 
reduced to nitric oxide 

6FeS07+3H,SOB+2HNOa=3Fe,(SOJ,+2NO+4HaO 
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The nitric oxide evolved may combine with unreacted ferrous 
sulphate giving the nitroso additive compound 
FcSO* + NO=-FcSO^. NO. 

/ A mixture consisting of one volume of concentrated nitric acid 
a^d three volumes of concentrated hydrochloric acid is called aqua 
regia. \ 

It dftsolves the noble metals such as gold and platinum which 
are not attacked by concentrated nitric acid or concentrated h>dro- 
chloric acid alone. 

It fact, nitric acid oxidises hydrochloric acid to chlorine. 
Nitrosyl chloride and water are also formed as the products. 

The two acids on being reacted together setfree nascent chlorine 
which combines with the metala giving the soluble chlorides. 

HN 034 -^HCI - 2Cl-hN0Cl + 2 H 30 

2Au-h6Cl-}-2HCl --2HAUCI4 (soluble chloro auric acid). 

(d) Many organit substances are readily oxidised by nitnc 
acid Terpentine, <^.iw duNt, sugar, alcohol etc, when added to 
cone, nitric acid, ate found to burst into flames It pioduces painful 
wounds \^hen it comes in lontact with the skin Skin, feather, silk, 
leather etc. arc stained vcllow or brown by strong nitric acid 

Nitric acid aho acts as a nitrating agent It reacts with many 
organic substances substituting one or more hydrogen atoms in the 
molecule by nitro groups (NO,). 

This process of subait» tion of hydrogen atoms by nitro groups 
is known as nitration Thus, ben/cnc on being ircatcd with a 
mixture of concentraiec nitric acid and sulphuiic acid vields nitro 
benzene Sulphuric acid ab-^OtOs the water lornicd 

Concootrated nitric acid Dilute nitric acid on distillation 
produces 68*0 nitric acid having asp.gr. of 1414. This acid is 
sold in the market as the concentrated nitric «icid When cone, 
nitric acid mixed with cone, sulphuric acid i& distilled, we get 98% 
nitric acid. 

i fuming nitric acid . Nitrogen dioxide is readily soluble in 
itric acid. The brown coloured nitric acid containing dissolved 
NO, (and some NgO,) IS known as fuming nitric acid. It fumes 
spontaneously and is a powerful oxidising agent Fuming nitric 
acid is obtained by distilling a mixture of concentrated nitric acid 
and starch or arsenious oxide. 
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Experiments illnstrating some of the properties of nitric add : 

(1) It decomposes at high temperature giving nitrogen dioxide, 
oxygen and steam. 

4HN03 = 4N0;+0,+2Ha0. 

Concentrated nitric acid is dropped on strongly heated pumice 
stone taken in a round bottomed distilling flask. The gaseous 
products (coloured brown) evolving through the side tube are 
allowed to pass successively through two U-tubes, the first one 
being kept immersed in cold water and the second in freezing 
mixture. The second U-tube is connected with a delivery tube. 
Two different liquids are found to collect n the two U-tubes and a 
gas which comes out of the delivery tube is collected over water. 

A glowing chip of wood is rekindled in the gas. That the gas 
is oxygen is further proved by the fact that it is absorbed by 
alkaline potassium pyrogallate solution. This experiment conclu- 
sively proves that nitric acid contains oxygen. 

The colourless liquid collected in the first U-tube is water as 
it turns anhydrous copper sulphate blue. In the second U-tube, 
nitrogon dioxide condenses as a brown liquid. The liquid on slight 
warming gives off brown vapours of nitrogen dioxide which (Can be 
detected by its characteristic colour and pungent smell. 

(2) Nitric acid is a powerful oxidising agent. Cone, nitric acid 
oxidises sulphur into sulphuric acid. A mixture of powdered 
sulphur and concentrated nitric acid is heated in a test tube when 
brown fumes are found to evolve. Soon after the evolution of 
fumes ceases, the liquid in the tube is cooled, diluted and filtered. 
On adding a few drops of barium chloride solution to the filtrate, 
a white precipitate insoluble in hydrochloric acid is obtained. 
This experiment proves the existence of sulphuric acid which is 
formed in the filtrate by the oxidation of sulphur. 

S+6HNO3 = 6NO, + H3SO4 -I- 2H3O ; H.SO^ H-BaCl. == BaSO* -f-2HCl 

Insoluble 

To prove that nitric acid contains hydrogen, nitrogen and 
oxygen. 

^^^Oxygen : The presence of oxygen has been proved by the first 
experiment illustrating the thermal decomposition of the acid. 

Hydrogen : A piece of magnesium is added to distilled water 
taken in a Woulfe’s bottle There is no evolution of any gas. On 
adding a few drops of dilute nitric acid to the content of the bottle, 
a colourless gas is evolved with effervescence. The gas is collected 
over water as usual. When a lighted taper is held in the gas, 
the taper is extinguished but the gas burns whith a blue flame. 

Hence, the gas is proved to be hydrogen. 

^ Mg+2HN03«Mg(N0,),+H, 

y^Mtrogen : Nitrogen is obtained when nitric acid vapour is 
passed through a hard glass tube containing red hot copper filingSi. 
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The gas Is collected over water and is proved to be nitrogen b3r 
its usual tests. It is a colourless, odourless, inert gas which extin-^ 
guishes a lighted taper. It is absorbed by heated magnesium and 
the product on heating with water gives off ammonia. 

5Cu+2HN0. = 5Cu0+H,0-l-N, 

Uses. (1) Nitric acid is widely used in the manufacture of 
explosives like nitroglycerine, T.N.T.. picric acid, gun cotton etc. 
(2) It is used in the large scale production of artificial sillk, dyes^ 
sulphuric acid, celluloids and nitrogenous fertilisers. (3) It is> 
employed in the laboratory as an oxidant, a nitrating agent and anr 
important reagent in many chemical processes (4) Many useful 
nitrates and aqua regia are prepared from this acid. (5) It is used 
in dissolving many metals and alloys and for cleaning metals before 
electro-plating. 

Tests for nitric acid and nitrates : When nitric acid or a nitrate 
is heated with concentrated sulphuric acid and copper turnings, 
reddibh brown fumes of nitrogen dioxide are evolved. 

(2) A concentrated solution of a nitrate on being heated 
with aluminium and strong caustic soda solution gives off ammonia 
which can be identified by its characteristic pungent smell or by 
formation of white fumes in contact with hydrochloric acid. 

3NaN0a-f8Al + 5Na0H+2H^0-3NH34 8NaA10, 


(3) Ring test : It is a very useful test for detecting nitric acid 
or a nitrate radical. 

An equal volume of freshly prepared solution of ferrous sulphate 
is added to a dilute solu- 
tion of nitric acid or a 
nitrate ( say KNO^ 'I in a 
test tube and the mixed 
solution is cooled. 

Concentrated sulphuric 
acid is then poured slowly 
and carefully into the liquid 
( without disturbing it ), 
when the sulphuric acid fiK. 2(62) RmgTcst 

forms a heavy layer at the bottom and a brown ring fis formed at 
the junction of the two liquids. 



In this test, free nitric acid or the nitric acid produced by the 
action of sulphuric acid on a nitrate is reduced by ferrous sulphate 
to nitric oxide. This oxide with excess of ferrous sulphate forma 
the brown additive compound FeSO^.NO. 

KNOa+HaSO.^KHSO.+HNOg 
6FcSOa -h2HNO, -f 3H,S04 = 3Fc,(Sp4) , + 4H,0-f 2NO 
FeSOa+NO*FcSOa.NO. 


Brucine Test : When a nitrate (or nitric acid) is added to a 
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solution of brucine in pure sulphuric acid taken in a porcelain 
basin, a beautiful red colour is produced. 

Distinction between nitrites and nitrates : 

Nitrite (NO.) Nitrate (NOa) 

Brown fumes No brown fumes, 

evolved. 

Blue colour No blue colour, 

produced. 

Pink colour The solution is 

discharged. \ not decolourised. 


No red colour. | Bright red colour 
produced. 

Whole solution Brown ring is 
turns brown. formed only at the 

junction of the acid 
and the solution. 

(6) Urea and dil, j Effervescence of Nitrogen i> not 
HgSOa added. nitrogen. evolved. 

A nitrate containing a little nitrite is hrst hc,iied w-ith amnioniunr chloride or 
urea and sulphuric acid to remove the nariie as niirogcn. Then, the ring test is 
applied for detection of the nitrate radical. 

Action of heat on metallic nitrates 

All nitrates decompose on heating. But different nitrates give 
rise to different products on decomposition. 

Sodium or potassium nitrate on being stroi.gly healtd gives 
sodium (or potassium) nitrite and o\>gen 

^ '2lVINO,-2MNOa+Oa(M-Na or K) 

When heated to 450 C, silver nitrate deconposes to produce 
silver nitrite and oxygen. Heated still further, silver nitrite breaks 
up giving metallic silver, nitric oxide and oxygen. 

^..2AgNOB = 2AgNO>-fO, ; 2AgNO,- 2Ag+2N04-02 

Ammonium nitrate on gentle heating decomposes giving nitrous 
oxide, a gas which produces hysteiic laughter on inhalation, and 
water. NH^NOg = N,0+2HaO. 

Nitrates of heavy metals like lead, copper etc. undeigo thermal 
decomposition forming the oxides of the metals, brown nitrogen 
dioxide gas and frequently oxygen. The oxides formed are 
usually of different colours. 

vJ»Pb(NOe), = 2PbO+4NO, + 0, ;\^u(N 03 ),=- 2 Cu 0 + 4 N 0 ,+ 0 , 

yellow black 

^g(NO,),=2HgO+4NO,+0, ; ^^n(N0,),-2Z^+4N0.+0, 


Expt. 

(1) Dilute hydrochloric 
acid is added. 

(2) Acetic acid, pota- 
ssium iodide and starch 
solution are added. 

(3) Dilute solution of 
potassium permanganate 
acidified with dil. 
H9SO4 is added. 

(4) Brucine in cone. 
H.SO* is added. 

(5) Ring test. 
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PHOSPHORUS AOD [ HaPOs ] 

Preparation : (A) Phosphorus trichloride undergoes hydrolysis 
with cold water vigorously producing phosphorus acid. 

PCls + 3H,0 = HaPO« -|-3HCi. 

The aqueous solution is evaporated to 180'C and cooled, whei» 
crystals of phosphorus acid are obtained with the evolution of 
hydrogen chloride. 

(B) It may be obtained by dissolving phosphorus trioxide \n 
cold water. Pa03+3Ha0=2HaP0a. 

(c) Phosphorus acid is also prepared by heating a mixture of 
phosphorus trichloride and oxalic acid. 

COOH 

PCla-h3 I -HaPOa-f 3CO-|-3COa-f3HCi 
COOH 

Properties : Physicai— Ordinarily, it is a deliquescent crystalline 
solid (m.p. 74T). 

Chemical :—*(!) When heated to 200 C, phosphorus acid 
decomposes into phosphine and phosphoric acid. 

4HaP0a-PHa + 3HaP04. 

(2) It is a dibasic acid. Although the molecule of the acid 
contains three hydrogen atoms, only two of them are replaceable 
by metals. The salts are represented by NagHPOa and NaHaPOg. 

(3) It has strong reducing properties. It is slowly oxidised 
by air to phosphoric acid and precipitates metallic silver from 
silver nitrate solution or copper from copper sulphate solution. 
Sulphur dioxide is reduced to sulphur by the acid. 

In each case, phosphorus acid itself is oxidised to phosphoric: 
acid. 

2HaP0, + 0, = 2H3P0, 

HaP 03 + 2AgN0,+Ha0=2Ag-fH3P0, + 2HN03 

HaP03+CuS0a-hHa0=Cm-H3P0,H-H.S0* 

2Har6a-fSOa = S + 2IT3PO^ 

ORTHO PHOSPHORIC ACID [ H8PO4 ] 

This acid is commonly called phosphoric acid. 

Preparation : (A) Phosphoric acid is obtained by cautiously 

adding phosphorus pentoxide to boiling water. 

Pg03+3Hg0=2h3p04 

(B) In the laboratory, the pure acid is prepared by heating red 
phosphorus with concentrated nitric acid. The reaction is 
accelerated in presence of a crystal of iodine Sarhich acts as a 
catalyst. 

4P+10HNO,+H,O=4H,PO*+5NO+5NO, 
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The resulting solution is evaporated to a syrup at 180X. On 
•cooling the syrup over concentrated sulphuric acid in a vaccum 
desiccator kept immersed in an ice-salt bath, colourless deliques- 
cent crystals of phosphoric acid separate out. 

(C) On a commercial scale, the acid is prepared by digesting 
bone ash or a mineral phosphate (calcium phosphate) with 60% 
sulphuric acid. 

Caa(POJa + 3H,SO,-2H«PO*-f3CaS04. 

The reaction is brought about in a lead-lined iron tank, heating 
being done by means of steam. The insoluble calcium sulphate is 
removed by filtration through a bed of powdered coke and the 
filtrate is evaporated to a syrup. 

(D) Phosphoric acid is also manufactured by heating a 
mixture of a mineral phosphate, coke and silica in an electric 
furnace. The phosphorus vapour and carbon monoxide leaving 
the furnace are mixed with a current of air whereby phosphorus 
is oxidised to phosphorus pentoxide and carbon monoxide to 
carbon dioxide. On spraying water on the cooled gas mixture, 
85% phosphoric acid is obtained. 

Ca3 (PO4) 3 + 3SiO, = 3CaSiOs + P.O^ 

2P3O3 + IOC - 4P-i-10CO ; P,03 + 5C0---2P-f5C03 

4 P+ 5 O 3 - 2 P 3 O 3 ; P 30 , + 3H30-2H3P04 

Properties : Physical’-Vurc phosphoric acid is a colourless, 
crystalline solid melting at 42 C. It i:^ highly soluble in water. 

Chemical : (1) When heated to 213 C, phosphoric acid Joses 
elements of water and is slowly converted into pyropbosphoric acid 
which at 316‘'C forms mctaphosphoric acid. Heated still further, 
metaphosphoric acid gives phosphorus pentoxide. 

213 C 

2 H 3 P 04 ;:^ H^P^O. + HjO. 

316X 

H4P3O, ^ 2HPO3+H3O; 2HP03;ciP303 + H30. 

All the changes ere reversible. When orthophosphoric acid 
is heated and subsequently cooled, it forms a glass-like mass called 
glacial phosphoric acid. 

(2) It is a Iriba^ic acid. Hence, it gives rise to three types 
of salts, e.g., 

(a) NaHaPO^, Ca(H8P04)j etc formed by the replacement of 
one hydrogen atom. These salts are called primary phosphates 
or acid phosphates whose aqueous solutions are acidic. 

(b) Na^HPO^, CaHPO^ etc. formed by the replacement of 
4wo hydrogen atoms. These are secondary phosphates, the aqueous 
solutions of which are almost neutral. 

(c) NagPO*, Cas(P04)8 etc. formed by the replacement of 
Rhree hydrogen atoms. 1 hese salts are designated as the tertiary 
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phosphates and their aqueous solutions are alkaline to litmus due 
to hydrolysis* 

Uses : (1) Syrupy phosphoric acid is widely used as a dehyd- 
rating agent. (2) The acid is used in place of concentrated 
sulphuric acid* where the use of the latter leads to complications. 
(3) It is empio>ed in the manufacture of sodium* potassium and 
ammonium phosphates. (4) It is also applied in medicine. 


SULPHUROUS ACID [H^SO,] 

Sulphurous acid is ao unstab'e acid. It has never been isolated in the pure form 
and is known only in aqueous solution. The salts of the acid are stable crystalline 
compounds. 

Preparation : Sulphurous acid is obtained by dissolving sulphur 
■dioxide in water, S 02 + Hj<)-H 2 S 03 . 

Properties : It is an unstable, weak dibasic acid, its aqueous 
solution on being slightly heated gives off sulphur diovidc. 

H,S0,-H,04S0, 

When an aqueous solution of sulphurous acid is heated to 150 C 
in a sealed tube, the acid is converted into sulphuric acid with the 
separation of elementary sulphur. 

3H,S0,=2H,S0^+S+H,0 

As a dibasic acid, it gives rise to two types of salts namely 
bisulphites ind sulphites. 

H .SO,4MaOH-NaHSO, +H .O 

'sodium bisulphide 

H.,SO,+2NaOH-Na„SO, 4-2H,.0 

All normal sulphites (except alkali sulphites) arc insoluble in 
water. The aqueous solution of the add shows powerful redudng 
properties like sulphur dioxide. 

Tests for the sulphite radical (SO^). 


Dry Test : (a) When a solid sample of a sulphite is treated 

with dilute sulphuric or hydrochloric acid, sulphur dioxide 
possessing the suffocating cJour of burning sulphur is evolved. 
The gas turns a piece of paper soaked in acidiiicd potassium di- 
chromate solution green. 


Wet test : When barium chloride solution is added to a 
solution of a sulphite, we get a white precipitate of barium sulphite 
soluble in hydrochloric acid. The resulting clear solution on 
being slightly warmed with bromine water gives the white preci- 
pitate of barium sulphate. The insoluble sulphate is formed due 
to the oxidation of the sulphite by bromine water. 
NaaSOs+BaCU-lNaClH-BaSO, ; BaSO, 42HCl=BaCl34HgSOa 


HaS08+Br,+Ha0-2HBi f H^SO^ 


BaCU +HaSOi = BaSO^ +2HCI 
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SULPHURIC ACID [H.SOJ 

Because ot ita diverse applications in ii dustrles, sulphuric acid is regarded a» 
the most impoctant of all acids. It dose not occur free in nature. 

^ Preparation : Sulphuric acid may be obtained by absorbing 
sulphur tnoxide in water or by oxidising aqueous solution of 
sulphur dioxide by air, chlorine or nitric acid. But the amount 
of acid produced is so small that these methods have no practical 
value. 

Laboratory method : 

Principle : Sulphur dioxide, oxygen (air), water or steam 
react together under the catalytic influence of gaseous oxides of 
nitrogen (NOg, NO) to produce sulphuric acid. In fact, sulphur 
dioxide is oxidised to sulphur trioxide which subsequently reacts 
with water to give sulphuric acid. 

Many theories have been suggested to explain the mechanism 
of the formation of sulphuric acid. According to one of them, an 
intermediate compound nitroso-sulphuric acid is first formed by 
the interaction of sulphur dioxide, oxygen, oxides of nitrogen and 
water ; the intermediate product is then rapidly decomposed by 
excess of water with the formation of sulphuric acid and regenera* 
tion of the oxides of the nitrogen, which take part in the process 
again. 

2S0a + 0,+H,0+N0+N0o=2S0,(0H)0.N0 

Nitr 080 > 9 u)phuric acid 

2SO « (OH) .0,N0 + H gO - 2H .SO^ -h NO + NO 2 

An alternative theory suggests that nitrogen dioxide oxidises 
sulphur dioxide into sulpur trioxide and it itself is reduced to 
nitric oxide. Sulphnr trioxide formed reacts with water to produce 
sulphuric acid. Nitric oxide is reoxldised by oxygen of the air to 
nitrogen dioxide which oxidises further quantity of sulphur dioxide. 

S 0 a+N 02 =S 03 +N 0 

S 0 ,+H„ 0 -.H,S 04 ; 2NO+Oa=2NO, 

Here, nitric oxide takes up oxygen from the air and gives it to 
sulphur dioxide. The cycle of reactions goes on with nitric oxide 
actually serving as an oxygen- carrier. 

Description : A large hard glass flask is fitted with a rubber 
stopper through which pass five glass tubes. Four of the tubes reach 
almost near the bottom of the flask and act as the inlet tubes and 
the one is a short exit tube reaching just below the cork. 

The following gaseous substances are introduced into the flask 
through the four inlet tubes ; (i) air, (ii) nitric oxide generated 
by the action of copper on moderately concentrated nitric acid 
(iii) sulphur dioxide obtained by heating copper with concentrated 
sulphuric acid and, (iv) excess of steam produced by boiling water. 
Before introducing, the gaseous substances are dried by bubbling 
through concentrated sulphuric acid. (Arrangements for drying, 
have not been shown in the fig.) 
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Dry air and nitric oxide are first made to enter into the flask 
when they interact to produce nitrogen dioxide. Sulphur dioxide 
and steam are then passed successively. Nitroso -sulphuric acid 
formed as an intermediate compound is hydrolysed by steam to 



t ig. 2^63) P{ jparation of sulphuric acid ib the iuborarory 

produce siilplivric acid \shich collects as an oily liquid m the fiask. 
The rcmainin.^ gas ah 've the liquid is slightly hro% n in colour, 
hxce? s of air or olhcr iir.feavtcd gases escape through the short 
exit tube. 1 

N.It, If fhc surpiy oV f t"a~i is not sufficient or stopped for some thiie’, instead 
or the < i! ^ acjd, crystriic* dtc found to be deposited cu the I ' acr avails or the 
riatk. "i hese crystdjs are knoir- n as chamber-cry stajs (n}tro',o-*ijjpfnirtc acioK 

Sulpliunc acid is generahy not prepared in the Idboralory. 
But the maiiuraclure o. .sulphuric acid by Lead Chamber Process 
is bast.' ' on the siroila: reactions discussed under the. laboratory 
method of preparation 

Properties : Physical — (1^ Pure sulphuric acid is a colourless^ 
odourless liquid of oily consistency. (2) It is heavier than water 
(its density is ! 848 at 15 C). (3) The boiling point of sulphuric 
acid (98%) is 338 'C. M) It is miscible with water in all propor- 
tions. A considerable amount of heal is evolved wlien the acid 
dissolves in water. Us aqueous solution is a good conductor of 
electricity. 

Dilutioa of isnlphuri^: acid is an exothermic proccj 5. Wlicn water rs added to the 
concentrated acid, the tvolvfd heat changes soroe water into steam suddenly 
causing the acid to spurt dangcruusly in all dirceffons. When sulphuric acid u 
added to water, the acid l^ing heavier than water s.nks a'^d fbe heat produced is 
dissipitated through the mass of water. So, in preparing dilute sulphuric acid, the 
concentrated acid must always be added in a fine stream into cold mttes with 
continuous stirring with a glass lod. 

11—12 
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ChemictI : (1) Sulphuric acid decomposes when heated strongiy 
forming sulphur dioxide, oxygen and steam. 

2H,S04=2S02+0,-1-2H,0. 

(2) It is a strong dibasic acid in aqueous solution. It possesses 
properties common to all acids. 

It ionises completely in two stages in aqueous solution. 

As ionisation increases with dilution, the dilute sulphuric acid 
is stronger than the concentrated acid. 

The acid turns blue litmus red and reacts with bases or alkalis 
to produce salts and water. As a dibasic acid, it forms norma) 
salts and acid salts such as Na^SO^, NaHS04 etc. 

All the sulphates except lead, barium and strontium sulphates 
are soluble in water. Calcium sulphate is slightly soluble in 
water. 

Na0H-4-H*S04=NaHS04-f H4O ; 2NaOH+HoSO, -^Na„SO, 

Mg0+H„S04-=MgS04+H,0 ; CuO+HgSO^-CuSO.-r H.O 

At ordinary temperature, it liberates carbon dioxide from 
carbonates and bicarbonates, 

Na,C 0 »-fH,S 04 =Naj,S 04 +COj, -bHoO 
NaHCOs+H^SO^-NaHSO^+COs -II^O. 

Metals like /inc, magnesium, iron etc. standing over hydrogen 
in the electro chemical series liberate hydrogen from ?old, dilute 
sulphuric acid. The sulphates of the metals are also formed 

Zn+H„SO, --ZnSO,+Hs : Fe+H.SO, - FeSO,-hH, 

(3) The pure acid has a strong affinity for water. Due to this 
affinity, it is used to dry moist air or gases. Sulphuric acid 
mixes with water at low temperatures forming crystalline hydrates 
such as H3SO4-HSO, HaS04,2H20,HaS04.4H20 etc. 

Concentrated sulphuric acid abstracts the elements of water 
from many organic compounds. Thus when a mixture of foimic 
acid and concentrated sulphuric acid is heated, carbon monoxide 
is produced. With hot and concentrated sulphuric acid, oxalic acid 
is dehydrated to give carbon monoxide and carbon dioxide. 

Concentrated sulphuric acid chars starch, sugar etc. In other 
words, the acid takes up the molecules of water from these com- 
pounds separating black carbon as residue. 

, HCOOH+[H SO4] C0+IH30+H,S04} 

COOH -C0H-C0.,+[H30+H,S04j 

COOH 
Oxalic acid 

Ci,Haa0xx-r[HsS0J-12C+[llH30+H3S04] 

Caoe sugar 
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Concentrated sulphuric acid removes Che water of crystallisation 
of the crystalline copper sulphate (blue) and turns if into anhy- 
drous white powder. 

Cone. HfiSO^ 

CuSO^.SHsO >CuS 04 . 

-5H,0 

It is ti» be reraembered that coDcentrated sulphuric acid can be used for 
diTiog gases like oxygen, sulphur dioxide, chlorine etc. which do not react 
with the acid. The acid can never be used for drying ammonia. Ammonia, 
being a baste substance, reacts with sulphuric acid forming the salt ammonium 
sulphate. H^S, HBi, HI are oxidised by the concentrated acid to produce sulphur, 
bromine and iodine respectively while sulpunc acid is itself reduced to su'phur 
dioxide. 

2NHn+H.SO*=fNIl4).SOi . -S+SO.+2H.O 

2HX + H,SO*-\> + SO>f2H.O(X=Br. I) 

. (4) Concentrated sulphuric acid possesses powerful oxidising 
properties Hot and concentrated sulphuric acid oxidises metallic 
copper, silver, dne etc. into their sulphates, it itself being reduced 
to sulphur dioxide. 

Cu-l 2 H 5 ,S 04 =CuS 04 i“S 0 ,-f 2 H 2 O (resulting solution is blue) 

2 Ag-i- 2 HoS 04 ~AgeS 04 4'S0. -f 2 HiO (solution being 

colourless) 

Zn-i- 2 H.S 04 -ZnSO,. ^ S 02 -h 2 HgO '^solution colourless). 

Carbon, sulphur, phosphorus on being t cated with hot 
woncentrated sulphuric icid arc oxidised to carbon dioxide, sulphur 
dioxide and phosphoric acid respectively, 

C4.2a.S04*=CO.-H2SOo ^2H,0, S+2H8S0,==3S0.-1-2H O 
2P-^3H SO, 

P+5H_SO, 2H,PO4-i-5S0,-^2H O. 

The concentrated ^cid libeiates bromine fom potassium 
bromide or hydrobroraic acid, iodine tn>ni patassiura iodide or 
hydroiodic acid and sulphui from hpdrogen sulphide. 

2KBr-l-H S 04 -K,S 04 4-2HBr ; 

2HBr fH;S 04 -Hr SO f2H O; 2KI-* H>SO,-lv S 04 +:HI 

2HI fH,S04-:l,-i-S0 -i-2Ha)‘ H,S -H.S0,--S*^S0, • 2H^O 

Hot, concentrated sulphuric acid oxidises ferrous sulphate into 
feme sulphate. 

2FcSO, I 2H SO 4 Fe .(SO ) , r 2 ri»O^SO,. 

While oxidising, :,iilphiiric acid iiseif i educed £0 sulpur 
dioxide. 

(5) It is less volatile than hydrochloric or nitric acid and displac-^s 
these acids from their salts at elevated temperatures. 

NaCl-l lIaS 04 ~-NaHS 04 J-HCl ; 

4-HN03 “ 

Experiments illustrating the important properties of snlphuric 
acid : 

(1) Sulphuric acid decomposes at high temperature giMUg 
sulphur dioxide, oxygen and steam. 

2 H 2 SO 4 -= 2 S 05 ,i- 0 ^.-f 2 H 2 O. 
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Concentrated snlphuric acid is dropped on strongly heated 
pumice stone taken in a round bottomed distilling &sk. The 
resulting colourles, gaseous products evolving through the side 
tube are passed in succession through two U-tubes, the first one 
being kept immersed in water at ordinary temperature and the 
second in an ice-salt bath. The second U-tabe is connected with a 
delivery tube. Two different liquids are found to collect in the 
twoU-tubes and a colourless gas which comes out of the delivery 
tube is collected over water. The gas is proved to be oxygen by 
its power of rekindling a glowing chip of wood, forming brown 
fumes with nitric oxide and its absorption in alkaline pyrogallate 
solution. This proves conclusively that sulphuric acid contains 
oxygen. The colourless liquid collected in toe first U-tube is shown 
to be water as it turns anhydrous cooper sulphate (white) blue. 

The colourless liquid in the second U-iube is condensed 
sulphur dioxide which can be detected by its characteristic 
suffocating odour of burning sulphur and its power of changing 
acidified orange yellow potassium dichromate solution green. 

V (2) Sulphuric acid is an acid. In a test tube, a dilute solution 
of sulphuric acid is prepared by adding a few drops of the acid 
to water. This aqueous solution turns blue litmus red. To v 
portion of the solution, /me, magnesium or iron is added when a 
colourless gas is evolved. The evolved gas is hydrogen as it 
burns in the air with a blue flame. 

The aqueous solution of the acid on bei!»s atkied to sodiuii 
carbonate or any other carbonate Jibeiates carbon dioxide which 
can easily be detected b> its ability to change effcar lime uafet 
milky. 

'3) It is a Strom* dehydrating c.f^ent. Ween concentrated sul- 
phuric acid is added to a vsmall amount of whde, crystalline sugai 
in a test tube, the latter immediately tuins black due to cht 
separation of carbon. In this case, the elements of w ater of sugar 
arc extracted by the concentraced acid leaving free carbon particles 
The residue in the test tube is allowed to settle and poured into 
water slowly. The black mass is separated by filtration and bum' 
In air to give carbon dioxide which turns lime water milky. 

Cone. H SO, 

Cl H .On >\2C 

A mixture of foimic acid and concentiat'd s ilpj.unc acid on 
beig heated in a test ti be liberates carbon monoxide. When x 
lifted taper is held in the gas, the latter is f^uud to bum w'itb a 
blue flame at tlie mouth < f the tube. 

f’onc. H SO, 

HCOOH- -->CU 

-HgO 

(4) Sulphuric acid is an oxidising agent • A mixture of 
concentrated sulphuric acid and powdered carbon is heated in a 
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round bottomed distilimg flask. The resulting gaseous products 
coming out through the side tube «ire passed in succession 
through two U*tubes contiinr^g dcidified yellow potassium 
Jichi ornate solution ind lime water respectively. It is found that 
the dichruiiiate soluiion IS lurneJ greci and the clear lime water 
milky. Inference can be drawn the^e observations that 

sulphuric ackd oxidiie** cui bon lot > carbon dioxide while the acid 
i.tself IS reduced to sulphur dioxide. Sulphui dioxide is absorbed 
in acidified dichromate solution and the un^eacted carbon dioxide 
turns lime water milky 

C+2H SO, CO^ 2SO, 2 H 2 O 

The OAidatioD reaLtiom of sulphuric acid can be expressc.1 ny the following 
partMl equations. 

ith carbon 

a) 2 HS 04 '>HO :SO \ 2.0 (1) 

Cl 2, 0- CO 

C^-2H CO -k 2H 0+2>0 Add ng i I) and 

WithCu HSO, SO-HO-O .(1) 

Cu^O-CuO (2i 

roO^HSO, CiiSO^ H O 

Addm/> il) (2) and IS) ue ..n Cu 2H SO^ CuSO,, SO 2H O 

To pro>e that sulphuric acid contains hydrogen, sulphur and 

"fxygen 

Ox^ffpn The decoin p »%i£i on or sulphuric acid to produce 
oxygen has beeii d^^'^nbed (Kt experiments under the heading 
expeiimert illudrating the important properties of sulphuric 
icid"'. Thii experiment pr^ve^i conch sivelv that salnhuric acid 
v-onM'ns oxygen 

)l\dro^€fi A fev ’’ iCwCs of gr * nutated /me arc added to 
distilled watcf m a W di bottle No evolution of any gas takes 
place On adding a hliJc su)r hiirit av.id tc tire content of the 
iiottle, a colviurlc'S gas c\ ilve^ The gas collected as usual by 
the displacement of vv ate Tiie gas ts identified to be hydrogen. 
When a >»iied Taper is intuiduccd into the gas, the taper is 
extinguisi f-d bu< tre gas bu^'ns witti a blue flame 
Zn 1 H^SO, 7nSO, - H 

Here, /in di ,p1a.,es hydrogen from ^-ulphuTu Kid 

^ulpJiw t>ii he iting t incenirated suiphuriv. acid with copper 
turnings, sulpluir dioxide evoivp^d The gas dis ol\es in water 
gi\ing suIphuTOLN uv.»J 

Cu-r2H^SO*«CuSO* SO 2H O , SO^-H 0-H,S0, 

When sulphurous acid or t»'‘e aturated aqueous solution of 
sulphur dioxide is heated m a sealed tube to 150 C, a light yellow 
solid separates It is collected and drie^ This solid substance 
can conclusively be proved to be sulphur, it dissolves m carbon 
disulphide and burns in the air yielding sulphur dioxide which is 
recognised by its smell of burning sulphur and its property of 
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turniag orange yellow solution of acidified potassium dichromate 
green. 

Thus, the experiment confirms the presence of sulphur in 
sulphuric acid. 

Uses : Sulphuric acid is one of the most importan chemicals 
used in industries as well as in laboratories. 

vl) Sulphuric acid is used in the manufacture of hydrochloric 
acid, nitric acid ; in the production of artificial manures like 
super phosphate of lime, ammonium sulphate and explosives like 
nitro glycerine, TN.T, gun-cotton etL. (2) It is employed in the 
preparation of alums, useful metallic sulphates, various dyes and 
glucose from starch. (3) It is used in refining petroleum, in filling 
storage cells or accumulators and in washing iron before it is 
gahanized 

(4) Sulphuric acid is used in the laboratory for drying gases, 
for nitration of organic compounds and for the preparation of 
carbon monoxide, ethylene, ether etc 

(5) Fuming sulphuric acid is used as an oudising and sulpho- 
nating agent of organic compounds. 

Tests for sulphuric acid and sulphates * 

(1) Concentrated sulphuric acid on being heated with copper 
liberates sulphur dioxide which is detected by its characteristic 
suffocating smell of burning sulphur and ability to change the 
orange yellow solution of acidified potassium dichromate green. 

(2) When barium chloride solution is added to dilute sulphuric 
acid or a sulphate solution, a white precipitate of barium sulphate 
insoluble in diL or cone. HCl or HNO, is obtained. 

H.S 04 -*-BaCl>=BaS 0 ,+ 2 Mn 

Na,S 0 *-i-BaCl,=:BaS 04 + 2 NaC! 

In the case of a water-insoluble sulphate. It IS first fused with 
excess of sodium carbonate and the resulting mass is extracted with 
water. The filtrate after acidifying with dilute HCl is treated with 
barium chloride solution when a precipitate of barium sulphate 
is formed. 

BaSO^ Na,CO -BaCO, Na^SO^ 

Insoluble sulphate Insoluble Soluble 

In fact, there is no reliable dry test for detection cf the sulphate 
radical. The following dry test is sometimes performed for this 
purpose. 

A small quantity of a sulphate is heated in a small cavity of a 

piece of charcoal by the reducing flame. The resulting mass when 
treated with dilute hydiochlonc acid liberates hydrogen sulphide 
which is easily recognised by its smell of rotten egg. The gas also 
turns lead acetate solution black. 

Na3S04+4C--=NaoS-f 4CO ; Na2S4-2HCl=2NaCH-H2S 
HaS-|-(CH,COO),Pb=PbS4-2CH COOH. 

Black 



CHAPTER 6 

HYDRIDES OF NON-METALS 


In this chaptci^'Uhe chief hydrides of nitrogen, phosphorus, 
sulphur, chlorine, ji^romine and iodine have been discussed. 

AMMONIA 


Mol. formula-NHa 


Mol wt. 17 Vapour density 8'5 


e^tly lo 1774 rrr pared gaseous aromonia bv beating lime with ammonium 
norile whi^ wa«3 known as ‘Sal amnwntai* at that time. Pnestly called it 
gkam/ 1775 Berthelot analysed the gas and proved it to be a compound 

yGofyfa and hydrogen 


Preparation : (A^ Laboratory method ; In the ^laboratory, 
^moiiia is usuall:; prepared by heating a mixture of ammonium 
chloride and dry slaked lime or powdered quick lime. 


2NH,Cl+Ca(OH)a=-2NHs+CaC4+2HaO 
2NH,Cl-l-CaO -=2NH,-fCaCU ^ H^O 

An intimate mixture of I part by weight of ammonium chloiide 
and 3 parts by weight of dry slaked lime is taken in a large hard 
glass test tube fitted with a delivery tube. About half of the tube 
is kept empty for the pass ige of the gas. The tube is then clamped 



Fig. 2(64) Preparation of amoaonia in the laboratoy 
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fo a stand in a slightly inclined position. The end of the delivery 
tube is attached to a glass to^er [Fig. 2(64)J packed with quick 
lime. The mixture in the tube is carefully heated. The ammonia 
evolved is dried by passing it thfough the lime-tower and collected 
by the downward displacement of air in dry gas jars. 

N.B. (1) Due to hi>b solubility in cold water, ammonia cannot be collected 
over water. The gas may be collected over mercury. 

(2) Ammonia cannot be dried by cone 'titrated sulphuric acid, phosphorus 
pentoxide or aoh>drous calcium chlonVt*, the common reagents used for drying 
gases. 

Ammonia is a basic substance which reacts wuh sulphuric acid and phosphorus 
peitoxide (acidic oxide) producing ammonium sulphate and ammonium phosphate 
rcbpectively. Again, anhydrous calcium chloride absorbs ammonia giving rise to 
an additive product. 


2NH5+HiSO.«(NH4)2 SO^; 6NH f + O 2iNII/ PO. 
CaCbf8HNO,«CaCh KNH 

So« the gas is conveniently dried by the basic drying agent quick lime. 

(3) In fact, ammonia may be obtained by healing any ammonium ‘•alt with 
strong alkali or a basic oxide. 


(NH 4 ^>S 04 -I- 2 K 0 H 2NH,+K2S0.+2H.0 
NH.CI+NaOH- NH, f NaCI f H*0 
2NHiNO, + PbO=2NH,+Pb NO,). i-HaO 


a 


(B) Preparation of ammonia in the laboratory at the oridinary 


. lot CfR 
amvh^ma 





r’ig. 2(65) Preparation 
of ammonia at ordii>ar\ 
temper. 


temperature : When strong aqueous solution 
of ammonia or liquor ammonia is added 
drop wise from a dropping funnti to solid 
caustic soda or caustic potash taken in a 
conical Hask, ammonia gas comes oi^t through 
the delivery tube. 

Other methods of preparation of ammonia ; 

(C) Ammonia can be ubtamed by 
reducing nitric acid, nitrates or nitrites by 
nascent hydrogen. 

HNO,-|-8H- NHs-hSHaO 

NaNO, f8H = NH3 + Na0HH^2H«0 

NaNOg -f 6H-- - NH, -f NaOH+H^O 

A nitrate (or a nitrite) can be quantita- 
lively converted into ammonia by leating 
with zinc dust or aluminium and concentrated 
cau'itic soda solution. 


NaNOs-f 4Zn-!^ 7NnOH- NH,-^4NasZnOa+2H2() 
3NaN08-f8A) + f>Na0H-h2H30=-3NHa+8NaA10, 


(D) Some ammonium ^ alts decompose at high temperatures 
to give ammonia. 


(NH^^fiSO, - NH,+NH*HSO^ 
2(NHjHpO^-6NH3-hP5iOfi+3HaO 
(£) Ammonia may also be obtained by passing a mixture of 



HYDRIDES OF NON-METALS 185 

nydrogen and vapours of nitric acid of oxides or nitrogen except 
nitrous oxide over heated platinum catalyst* 

:NO^-5H2=^2NH,-^2HaO : 

2N03-».7H2-2NH9-t 4H«0 

^F) \mmonui is formed when son»e nietaihc niludes are hydro- 
lysed by hot water. 

Mg,N.+61M)=:3Mg(OH),-t 2NH. . 2AIN f SH^O-AlaO -2NH3 

Super heated steam under pressuie reacts with catcium 
cyanamide producing ammonia. 

CaCN +3H20 = CaC0,-^2NH, 

This method is regarded as a commercial method of preparation 
of ammonia. 

Properties: Physical— \mmonia is a colourless gas with 
a strong pungent smell, ft can be easily liquefied by cooling on 
.compression. \t lOT and under a pressure of 6 atmospheres, the 
gaseous ammonia is converted Into a colourless liquid. Liquid 
ammonia has remarkable solvent properties and can be converted 
mto an ice-like solid at- [2) It is lighter than air. (3) 
\romon*a is highly soluble in water. 1 volume of water at ordinary 
temperature and pressure dissolves 1300 volumes of the gas. The 
roncentrated aqueous solution oi ammonia is called liquor 
immonia. ii is very much harmful to eyjs. So a bottle of liquor 
ammonia should always be cooled befoje opening the stopper. 

a bottle of hquoi ammonia, ammonia remains under high 
pressure. If the bottle is opened without cooling, some ammonia 
may spurt out due to release of pressure and fall into the eyes 
N^hicb mav cause pennaneni blindness. 

Chemical : Ammonia is a Uable compound but on prolonged 

.leatiog at a very high * ;mpcrature or sparking, the gas decomposes 
into its elements- nitrogen and hvdiogen. 

2NH. Ni-4-3Hs 

(2) Ammonia is a base. It dissolves in water forming an 
ilkaline solution due to the loimatioii oi an weak alkali ammonium 
hydroxide. The compound d*sv'ci.ites in aqueous solution giving 
and OH ions. 

Aqueous bolunon ol ammci la Oi immonium hydru idc turns 
■ed litmus bloc and ueutralues . 'ids to produce salts and water. 

NILOH- HC!=--NH,CJ * ‘i>() 

2NH,OH H3S0,=(XHJ,S0,-f2H«0 

Ammonia gas afs » reacts with acids forming salts. 

NHs-hHCI NH.+HNOa-NH^NOs 

2NH,-hH,SO^ “'NH*)aSO,. 

Ammonia in contact with hydrogen chloride gives dense white 
fumes of solid ammonium chloride. This reaction is an example of 
the formation of a solid product by the interaction of two gases. 
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(3) (a) Ammonia is not combustible in air and does not 
support combustion. But it burns in oxygen with a yellowish 
flame. During combustion, ammonia is oxidised to nitrogen. 

. 4NH3+30,=2N.+6Hj|0 

Ammonia is oxidised to nitric oxide when a mixture of 
ammonia and air or oxygen is quickly passed over heated platinum 
gauze catalyst itempr, ?00 —700 C). 

4 NH 3 + 50^ - 4N04 6HaO 

Nowadays, this reaction is utilised in the large scale production 
of nitric acid. 

's./ (c) With chlorine, ammonia forms dififerent products unde^ 
different conditions. Chlorine reacting with excess of ammonia 
oxidises it to nitrogen. Chlorine is simultaneously reduced to 
hydrochloric acid. The acid formed reacts further with ammoDi<: 
giving rise to ammonium chloride. 

2NH.43Cla-N2+6HCl 

6NH,-f 6HCI =6NH^Cl 
8NH343C1. = N:46NH,C1 

With excess of chlorine, ammonia forms nitrogen trichloride 
a highly explosive oily yellow liquid. 

NH, + 3Cl3=NCUf3Ha. 

Bleaching powder oxidises ammonia to nitrogen. 

3Ca(OCI)CI 4 2N H , == 3CaCI , 4 3 H 2 O 4 N a 

(4) Ordinarily, ammonia does not possess reducing propertie*' 
But it acts as a mild reducing agent at elevated temj^ratureN 
When ammonia is passed over strongly heated black cupric oxide, 
the latter is reduced to metallic copper. Ammonia, on the other 
hand, is oxidised to nitrogen. 

3Cu042NH,-=3Cu43H204N* 

Lead monoxide is similarly reduced to metallic lead. 

3PbO 42NH , = 3Pb-^ 3H204N^ 

(5) Many metals at red heat react with ammonia. When 
dry ammonia is passed over heated sodium (about 400 C), one 
hydrogen atom of ammonia is replaced by sodium giving rise to 
sodaimde. Hydrogen is evolved at the same time. 

2Na42NH3-2NaNH24Ha 

Sodamide is a wax-like solid which is decomposed by water 
producing ammonia and sodium hydroxide. 

NaNH24H30=NaOH-t NH,. 

' ' Heated potassium reacts similarly with ammonia giving 
potashamid and hydrogen. 

Magnesium on being heated in dry ammonia gives magnesium 
nitride (white solid) and hydrogen. 3Mg42NHs=Mg5N3+3H» 
Calcium, however, forms calcium hydride and nitrogen. 
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(6) Anhydrous calcium chloride, zinc chloride etc. absorb' 
ammonia yielding addition-products such as CaCls^SNHa, ZnCU. 
8NHh. 

(7> Ammonia reacts with carbon dioxide giving different 
products under different conditions. 

At 200 C and under 150 atm. pressure, gaseous ammonia and 
carbon dioxide interact to form urea, a good fertiliser. 

CO, +2NH , - CO(NH,), 4- HgO. 

Aqueous solution of ammonia reacts with carbon dioxide 
giving ammonium carbonate. 

2NH3 

(Si Ammonium hydroxide or aqueous solution of ammonia 
precipitates the hydroxides of many metals when added to the 
solution of their s^lts. The colours of the hydroxides are sometimes 
helpful in detecting the metaK. 

FeCi , -Fe(OH) 4-3NH*CI 

fiMWfl 

AICI3 ^ 3NH,0H~A1(0H)3 +3NH4CI 

white ficlatinous 

ZnCl , ^ 2NH^OI I = Zn(OH) , -I-2NH4 CL 
white 

In some cases, complev salts are formed when excess of 
ammonium hydroxide is added to the solution of some salts. 

(a', When ammonium hydroxide is slowly added to copper 
sulphate solution, a pale blue precipitate of basic copper sulphate 
ii' first formed. On adding excess of ammonium hydroxide, the^ 
precipitate dissolves forming a deep blue solution of the complex 
»xupro-ammonum sulphate 

2CuSO, f2NH40H=CuS0 *, Cu^ 0H),4'(NHJ,S04 

Cu O,. Cu,OH),-f-6NH*Om-(NHJ,SO^- 

2[Cu(NH3)4lSO,+8H,Os 

(b) Silver nitrate solution on being treated with ammoniwi 
hydroxide gives a white precipitate of silver hydroxide^wjbd^ 
quickly passes into the brown oxide, soluble in excess of amillt$mum 
hydroxide forming a clear solution of argento ammonium 
hydroxide. 

2AgN0,+2NH,0H=-Ag,04-H30+2NH^N0, 

Ag30+4NH,0H - 2[Ag(NH,) lOH+SH^O. 

(c) When ammonium hydroxide is added to silver chloride 
suspended in water, we get a clear solution of a soluble complex 
salt known as argento ammonium chloride. 

AgCI+2NH4OII-[Ag(NH0JCI+2H,O. 

(d) On adding ammonium hydroxide to zinc sulphate solution, 
we get a white precipitate of zinc hydroxide which dissolves in 
excess of ammonium hydroxide giving a clear solution of Zinc 
amino hydroxide. 

ZnS0^+2NH40H-Zn(0H)*+(NH^>,S04 

Zn(0H),+4NH40n=.[Zn(NHa)*](0H)3+4H,0. 
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Experimeots to illustrate the important properties of ammonia : 

(1) Ammonia is exceedinglv soluble in water and its aqueous 
solution reacts alkaline. 

Fountain experiment : A dry round-bottomed flask is filled 
with ammonia gas and closed with a rubber stopper through which 
passes a narrow long glass tube ending in a jet inside the flask. The 
flask is then clamped in an inverted position and the other end of 
the tube is dipped in water coloured with red litmus. Keeping 
the stop-cock open, the flask is cooled with ice-cold water when 
ammonia contracts creating a partial vacuum inside. As a result, 
the coloured water rises up and enters the flask in the form of a 
fountain and the colour of the liquid changes from red to blue. 
Thus, the solubility of ammonia in w^ater and its alkaline character 
are proved simultaneously by this experiment. 

(2) Ammonia (gas) forms solid ammonium chloride in contact 
with liquid or gaseous hydrochloric acid. 

A piece of filter paper soaked in hydrochloric acid is plunged 
into a jar of ammonia when dense white Jumes of ammonium 
chloride are formed inside the jar. \Hq HCl NH 4 CI. 

(3) Ammonia h lighter than air. 

An empty jar (1 e. a lar containing air) is invcited ovei a y s-iar 
full of ammonia and the cover plate is lemoved. beme 

lighter than air rises up and collects m the upper 
iar while the air travels in the lower jar. A piece 
of most red litmus paper when introduced into the 
upper jar turns red. Moreo\er, dense white 
fumes of ammonium chloride are foinied when 
a glass rod-moistened with concentrated hydro- 
chloric acid IS held in the gas. 

{4) Ammonia is neither a supporter of com- 
bustion nor combustible but it burns in oxygen 
If a lighted taper is introduced into a Jar of 
ammonia, the taper is extinguislu'd and the 
gas does not burn. 

A wide glass tube is fitted at its bottom ^ith 
a bored cork through which pass two glass 
tubes bent at right angles. One of the tubes is 
long and reaches the open end of the wide 
tube and the other is short and reaches just over Fig.3(66' Ammonia 
the cork. Some cotton wool is loosely placed lighter than air 
over the cork covering the inner end of the short tube. A stream 
of dry oxygen is then passed through the short tube so as to fill 
the wide tube with the gas. Dry ammonia is then passed through 
the long tube and is ignited, when ammonia continues to burn 
readily with a yellowish flame. (Fig. 2(67)] 
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(5) Ammonia acts as a reducing agent at high temperature. 
Ammonia reduces heated cupric oxide to metallic copper and li 
itself IS oxidised to nitrogen 

2NHs+3ru0*3Cu+3H,0+N9 

\nimonia is passed through an inlet tube attached to one 

end of a combustion tube containing 
red hot cupric oxide The resulting 
gas coming out of the outlet tube 
attached to the other end is collected 
over water When the reaction is 
complete, the tube is cooled to the 
room temperature The red residue 
left in the tube shov^n to be copper 
from Its power ol evolving brown 
fumes with nitnc acid The gas collected 
o\er water is found to be an inert one 
V^hen a lighted taper is introduced into 
tne ga the taper is extinguished A Nh 
P ece of burning magnesium continues 
n burn in the gas producing a white 
powdei ^magnesium nitride) which 2(67) Burning of ammonia 
tnb'» mg V ith water gives of! ammonn. Thus, it is proved tliat 
the g is nitroireii This experiment iho conclusiveh proves that 
m rpi 1 co til ^ nilr 

rse>. ’Mn t) Uho»'di 'r 's imnioma solution is used a^ 
ir m portant ro i^ei ! c,uid iramonia is used a rcfrjgcra- 

{ ne aent e p^cialh ii miking i3 \mmonia is largely 
Chip’ \id’orthe mai ui ^ct rc >f sodium carbonate by Solvcy’s 
proce and nitric ic cM \ Ustw lU process Huge quantities 

< anm nui ar ycqure in the brge scale production of fertilisers 
iwh as ammo i urn silphit* ammonium phosphate, ammonium 
I itrite irca etc ^ ) \mmonia and ammonium salt arc used in 
n dicujw tnd ii the picparatiou nf smelling [vNH 4 )aC 08 fa 
I tile hme watei 01 uivilh aifealil, (6'^ Ammonia is used as a 
cleansing agent for removirg crease 

Principle underlying the use of ammonia in ice making Due to 
Us easv^ voKtilitv and high latent heat of vaporisation, liquid 
c mmonia widciy u'-cd is i refngci int m the manufacture of ice. 

We know that inhvdrous ammonia 4 ,ds cm be converted into 
liquid unde'' high p*-essure c at the ordinary temperature If 
the liquid forced to pass through an expansion bulb and is 
illowed to expand si ddcnly the euaporation of liquid ammonia 
is accompanied by tnc absorption of a large amount ot heat from 
the surroundings As a lesult, the surroundings get cooled. 
The use of ammouia in ice-making is based on this principle. 
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Anhydrous ammonia is first compressed under pressure by 
means of a compression pump and the compressed gas is passed 
through a spiral condenser cooled by a stream of cold water from 
outside to remove the heal generated due to compression. 
Ammonia condenses into a liquid which is allowed to pass through 



an expansion valve into a long expansion* ^oil kep^ immcr-ed in 
brine in a large tank Surrounding the expinsion coil s >me ti i cans 
containing clear water are placed While parsing through the 
large volume of the expansion coil, the pressure on the liquid 
ammonia is released and it vaporises rapidly The heat absorbed 
during vaporisation lowers the temperature of biine oel^w OC 
As a result, the water in the tin cans is quicicl) co ded and free es 
into ice* The ammonia ga«i from the e^ pansi m coils is ^gain 
compresed and liquefied and the process is repeated 

Methyl chloride instead of ammonia may also be used s the 
refrigerent m icc-makmg. 

Tests : (1) Ammonia can be detected by its basic charactei 
and strong pungent smell. It produces dense white fumes in 
contact with hydrogen chloride. 

(2) A piece of paper soaked m mercuric chloride solution is 
blackened by ammonia. 

(3) It gives a brown solution or precipitate with Nes$ler\ 
reagent. The presence of minute quantities of ammonia or ammo- 
nium salts can be detected by this reagent. 
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NeMler*s reagent : On adding potassium iodide solution to mercuric chloride 
solution, a red precipitate of mercuric iodide is formed. The precipitate dissolves 
in escps of potassium iodide solution forming a solubh complex known as 
potassium mercuro iodide Nessler's reagent is prepared by adding 

excess of potassium hydroxide to the solution of the complex salt. 

Experiments to show that ammonia is a compound of nitrogen 
and hydrogen : 

Nitrogen : The presence of nitrogen in ammonia has bees 
shows under the experiment (No. 5) illustrating the reducing 
property of ammonia at high temperature. 

Hydrogen : On passing dry ammonia gas over red hot i^odium» 
sodamide is formed with the evolution of hydrogen. 

2Na+2NH3 =2NaNH2+H2 

Metallic sodium is kept in a hard glass long tube, one end of 
which is provided with a small inlet tube for passing ammonia and 
the other end with a delivery tube. Sodium in the tube is strongly 
heated and dry ammonia is passed over the molten sodium. The 
resulting gas issuing out of the delivery tube is collected over water. 
This gas is shown to be hydrogen by its inflammability in air with 
a blue flame. Thus, the presence of hydrogen in ammonia is 
conclusively proved. 

PHOSPHINE OR PHOSPHORATED HYDROGEN 

Mol, form . PH ^ Mol, wt . 34 Vap density 17 

Preparation : (A) Laboratory method : In the laboratory, 
phosphine is prepared by heating white phosphorus with a strong 
aqueous solution of caustic soda (or caustic potash). Phosphine 
is evolved as a gas and sodium hypophosphite formed remains in 
solution. 4P+3Na0H43H,0=-PH,+3NaHaP0a. 

Small pieces of white phosphorus and fairly strong solution of 
sodium hydroxide (30 — 40 ■;>) are taken in a flask fitted with a 
delivery lube and an inlet tube the 
end of which dips in the alkali 
solution. A current oi coal gas or 
hydrogen or carbon dioxide is 
passed through the inlet tubr, to 
displace air completely from the 
flask. Now the flask is heated 
gently when phosphin cantalning 
traces of is evolved and 

comes out of the delivery tube, the 
free end of which is kept under 
water. Each bubble of impure 
phosphine issuing from the delivery 
tube under water bursts into flame 
as soon as it comes in contract 
with air forming a vortex ring of 
while smoke of phosphorus 
penloxide. Pig* 2^6S) Prepatation of phosphine 

In fact, pure phosphine does m the laboratory 
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not Ignite spontaneously in air The spontaneous inflammability 
of phosphine prepared by the method just described is due to 
the presence of traces of highly inflammable ( phosphorus 

dihydnde ) in it Sometimes, traces of hydrogen are also formed 
by side-reactions 

6P+4Na0H+4H5,0=P,H*-f 4NaHaPO 
2P-f-2NaOH+2H^O = H +2NaH^PO^ 

Phosphine is freed from P by passing the impure gas through 
d U-tube cooled in a freezing mivture when P^H^ condenses as a 
liquid Phosphine passing over is collected over water. 

N B To avoid the ignition of impure phosphine in oxygen of the air 
the air inside the flask un which the gas is piepared m the Uboratory) is lepUced 
by coat gas, H or CO When an alcoholic solu ion of caustic potash is ubcd instead 
of the aqueous solution, P H4 formed remain.) dissolved id alcohol Thus non 
spontaneously inflammable phosphine may be prepared, 

(B> Impure phosphine can also be obtained b'^ the action of 
water or dilute acids on metatlic phosphides 
Ca,P +6H,0=3Cav0H)„4 2PH, 

2A1P4-3H,S04 A1 (SO, -^2PH, 

(C Pure phosphine may be prepaicd by vv diming phospho- 
mum ndide with 30 caustic pot ish solution 
PH,T + lvOH-=PH -4 KI-rH/) 

li phosphine (containing P FI, and H ) prepared in the 
labor lory is passed into a lar containing hydrogen lodtdc, soIki 
phoaphoniuro iodide 1^ formed Other hvJrjoes and hvdn gen m^\ 
be casil\ removed as the gases and pho phine ma> he obtained 1 
the pt re state by tTcatnu; the so* i with ciustn. bodt t ^nnstu 
potash solution The gas can be dri-^d bv solid caustic pot tsh r r 
phosharu' pento\ide and collected o\er mercuiy 

Propeities Physical — (1) Pho phine is i cnloniJess, po»sonou 
gas w Ih in unpleasant smell jotlen fish It r lie »\jf »■ thar 

ait anj is spaiinnly sohibl in waUi 

Chenucal 0) Pur' phospho e not spont tneo i:>K mfl *n - 
mable n ai When he ted l>0\w >t bui is ni ait orovygt 
with a mild e\pi jnon producii 1, pho ph lu pert '‘'ide and wate 
It ignite spontaneously in chic i*ii^ MekI ig phosphorus tricilofidc 
pentac-hlondc and hydrogen chloride 

2PH«+40 P,0 I3HO PH, -HI, PCI r3HCl 

PH MCI PCI 4 HCj 

(2 Phosphine is a weaklv basic compound It is unable tc 
change the colour of the litmus but forms phosphoninm sails with 
halofsen hydracids The basK chat icter of Uis compound is showr 
by th^ lormation of these '.alts 

PH,H-HCl=PH,a PH,dm-PH,l 
(3^ When heated (at about 440 C ), it decomposes into hvdio- 
gen and red phosphorus 2PH3 -2P— 3H . 

(4 Phosphine is a strong i educing agent It precipitates the 
metals or the metatlic phosphides when passed through the 
solution of copper, mercury and silver salts. It reduces copper 
sulphate to black copper phosphide in acidic solution. 

3CUSO4 -k2PH3 - Cu ,P, + 3H,S0, 
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When passed into silver nitrate solution, phosphine forms a 
black precipitate of metallic silver with the intermediate formation 
of a yellow compound, AgaP.SAgNOg 

PH3-|-6AgN08=Ag,P.3AgN0c + 3IlN0, 

Ag,P.3AgN03 + 3H,0=6Ag-l-3HN0.-hH3P0s 

(5) Phosphine forms additive compounds such as AlCIs PH3 
CuCl PH, with the chlorides of aluminium and copper. 

Tests * (1) It can be detected by its offensive smell of rotten 
fish. (2) The gas on being passed through a silver nitrate solution 
or acidified copper sulphate solution gives a black precipitate. 

Comparison between ammonia and phosphine 

Ammonia (NH,) ' Phosphine (PHj) 

( 1) Colourless gaseous hy- 0 Colourless gaseous hy- 

dridc with j characteristic pun- dride with a distinctive odour 
gent smell. Not poisonous. of rotten fivh It is poisonous. 

2) lighter than air. 1^2) Hea\ier than air. 

O) Highly soluble in water ;j) Spjni.gl> soluble m 

formin ; the weak alkali ammo- water, hiviolv ba-^ic having no 
nium i.soroxide. The aqueous j action oii litmus 
solution ^»irns red litmus blue. 

(4) Basic in character, reacts (4 Fto'dv baMc, leacts with 

with Lvd, .cids and oxyacids haK'gen oitcui*' g’ving phos- 
produc'^g *ramon»um salts. phoi.i i s r-. 

\H<.4-Hc 1= NH+Cl PJt, \i(i PIT, Cl 

2NH, t , Pi? MJ PH,t 

<5) \mraonia is obtained by I P‘ ' >nhine is obtained by 

heating ammonium salts with 1 waira riiONphoaium salts 
strogh alkalis [NaOH, KOH, I with c tie snda 01 caust»c 
Cat Oil) J j pota^ . 

(6) L'» lier the action of j (t> ^econposcs into hy- 

electric sparks, it decomposes drore< leJ phosphorus 

into Its elements hyoiogen and whe<. ^obicctcj t.^ the action of 
nitrogen 2NHs=N2-f 3H.^ electru ^p^rks 2PH =2P4-3H2 

i7) Nor inflammable aid (7 not support com- 

non-supperter of combustvm buvfio ■> Pare phosphine does 
but burus in excess of oxygen not Pun spontaneously but 
with a \ el low flame imp^ie ga^ i> spontaneously 

4Nri,-r30a— 2N2'f 6HsO. infl.miriabic in tbe asr. At 150' C, 

it burns in air or owgen. 

'PH -P„0, + 3H30 

(8) Possesses reducing pr^*. (8' Possesses ''trong reducing 

perties ct tievated temperatuics. propeiiies 

(9) Reacts with excess of ' "" Snortnneously burns in 

chlorine giving nitrogen tri- chlurii e elding phosphorus tri 
chloride and hydrogen chloride. ' and penta >.Li\>ndes. 

When NH, is in excess, nitrogen | 

'and NH^Cl are formed. 

00) Precipitates some metals (10^ Precipitates the metals 
as hydroxides from the solution 1 or the metallic phosphides when 
of their salts. Sometimes, solu)>le passed through solutionax of 
complex salts are formed. i copper mercury, silver salts. 

11—13 
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HYDROGEN SULPHIDE 
( Sulphuretted hydrogen or Hydrosulphuric acid ) 

Mol. formula HgS Mol. wt. 34 Vap. density 17 

It is the most important gaseous hydride of sulphur. Ir occuzs ii* volcanic gases 
and in certain spring waiers. It is formed duiicg the putrcfauicn of ur^'amc matter 
containing sulphur. The atmosphere contains traces of t’l. r as. 

Preparation : (A ; By the action of acids on the metallic 
solphides : Generally, hydrogen sulphide is prepared by treating 
metallic sulphides with dilute sulphuric or hydrochloric acid. 

ZnS4-2HCl-ZnClg+H,S ; FeS 4 H^SO* -FeSO^ -fH^S 

In certain cases, nascent hydrogen generated by tbc action of 
acid on metals (Zn-fHgS 04 ) or hot concentrated hydrochloric 
acid is required for preparing the gas. 

As2S3 + 12H-=2AsH<,-f'3HgS ; SbgS3+6HCI= 2SbCls4 3H«S 
Arsenic sulphide Antimony sulphide 

Laboratory method : In the laboratory, hydrogen sulphide is 
most conveniently prepared by the action of cold, dilute sulphuric 
or hydrochloric acid on ferrous sulphide. 

FeS-i-H^SO^ =FeS 04 -hH^S 

Some pieces of ferrous sulphide are taken in a iwo-necked 
Woiilfe*s bottle fitted with gas-tight corks. Through one of them 

passes a thistle funnel 
reaching almost lo the bottom 
of the bottle and through 
the other a bent delivery 
tube introduce!. Water 
is added down the ihistle 
funnel so that the end of the 
funnel and ferrous sulphide 
dip under the liquid. The 
lower end of the delivery 
tube is kept well abo\e the 
surface of water. Now, dilute 
hydrochloric or sulphuric 
acid is poured down the 
funnel and the bottle shaken 
slowly. The reaction starts 
as soon as ferrous sulphide 
comes in contact w^ith the 

Fig. 2(69) Preparation of hydrogen acid. Hydrogen sulphide 

sulphide in the laboratory evolves and begins to cone 

out fshrough the delivery tqjie. As the gas is heavier than air, it is 
collected in gas-jars by upward displacement of air. It may also 
be collected over hot water. 

PufScnliilB : Tho gas thus prepared is not pure. It always 
contains free hydrogen produced by the action of acid on iron 
fnvailhidy funsent in ferrous sulpiide. Besides this, the gas 
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contains acid and water vapours. The gas is purified by passing 
in succession through 

{a) a saturated solution of sodium hydrogen sulphide — to 
remove the acid vapours. 

NallS+HCl-NaCl-iH.S 

(^) a n-iube containing phosphorus pentoxide to absorb 
moisture. 

The dry gas is then cooled with solid carbon dioxide, when 
hydrogen sulphide liquefies and uncondensed hydrogen is removed 
by means of a pump. The liquid on blight warming is converted 
into the gaseous form and is collected. 

Preparation of pure hydrogen sulphide : Pure hydrogen sulphide 
is obtained by the action of hot concentrated hydrochloric acid 
on antimony sulphide. 

Sb,S 3 f 6 HCl 2SbClo-4-3H,S 

Antimony sulphide is taken in a round-bottomed flask fitted 
with a thi'jtle funnel and a delivery tube. Concentrated hydrochloric 
acid is poured down the funnel so that the end of it remains under 
the surface of the liquid. On heating the fiask, hydrogen sulphide 
.'omes out through the delivery tube. It is washed with water 
and dried by phosphor U'> pentoxide. 

N. B. Nuiicacid cannot be usea m the preparation of the gas from 
'Tietallij pulphtJes, for tlu* f;as geuerateJ is OKidi&ed into sulphur by nitric acid, 

2KNO , H>S-2U O+ 2 NO 0 +S 

(2) C uicenfr'iited sulphuiu acid is not used Cor drying the gas as the acid slowly 
oxidise^ it to sul,:>hur, ( ^n.enCratcd acid is reduced to sulpbnr dioxide at the same 
'"line, 

H S04 + lf =2H^O+SO,*S 

Fused calcium chlo*^ le also suitable for drying hydroi.'eD s'llpbide as 
both ol them read to produce cjlcium sulphide and .hydrochloric acid. 

C'aC, t IIS?iCaSl-2Ha 

It is best dried aiumina (A1 Od^or phosphorus pentoxide. 

(3) The gas is not collected over mexcuy as it attacks the metat. However, dry 
and pure hydrogeo sulphide does not react with mercury. 

Preparation of hydrogen sulphide |o the Kipp’s apparatus : For 
obtaining an intermittent supply, the gas is prepared in a Kipp’s 
apparatus. Tiie description and working principle of the apparatus 
have been given in connection with the preparation of hy^ogen. 
Small lumps of ferrous s.^iphide are taken in the central globe 
and dilute sulphuric acid is poured down the funnel attached to 
the upper globe. 

The liquid left in the lower half-globe of the Kipp’s apparatus 
or in the Woulfe’s bottle used in the laboratory method is an 
impure solution of ferrous sulphate The solution on evaporatioQ 
gives the crystals af ferrous sulphate (FeS04.7Hi0) which may^be 
regarded as a by-product in the preparation of hydrogen sulplil^. 
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(B) Syothetic method : Pure hydiogen sulphide may be 
prepared by passing a mixture of hydrogen and sulphur vapour 
over finely divided nickel catalyst heated to 45(» C or overheated 
pumice stone at 600 C. HgH-S^HgS 

Properties: Physical -(1) Hydrogen sulphide i:> a colourless 
gas with a very unpleasant suffocating odour simila/ to that of a 
rotten egg. ft is highly poisonous. (2; It la heavier than air. 

(3) The gas is moderately soluble in cold water imparting its 
own smell to the solution but it not soluble in hot water. 

(4) It may be readily condensed to a colourless liquid by subjecting 
the gas to strong cooling or pressure. 

Chemical . (1) Hydrogen sulphide a non supporter of combus- 

tion but burns in air or oxygen with a blue flame. Combustion of 
hydrogen sulphide in a limited ciuppK of o\\?en gives sulphur and 
steam whereas if the gas is burnt in plcntifui supply of air, sulphur 
dioxide and steam are obtained. 

2HgS4 0g=2H,0+2S; 2H,S-3(\ -2H,0-2S0, 

(2) The ga^ decomposes into jts elements hydrogen and 
sulphur at a very high temperature or whe ^ sparked. 

(3) In aqueous solution, hydrogen suIpIuJe behaves as a weak, 

d/hflwV and turns blue Iitmu« sliglitly red The solution a 
better conductor of electricity than walet showing that ionisation 
takes place. H f -S" 

It reacts with ba<;es or alkalis to form With alkalis it 

forms two types of salts, hydrosulphide^ salts) and sulphide^ 

(normal). 

NaOH+HgS-NaHS-i-HgO ; 2Na0H4-H^S-Na^,S-^2H^,0 

Certain metals displace its hydrogen forming the metallic 
sulphides. 

2Ag+Hj.S=Ag^S-|-H. ; Sn-^H s-SnS4-H 
Pb+H,S=PbS Ml 

(4) Hydrogen sulphide acts as a good reducing agent. Its reducing 
character is primarily due to the oxidation of S ' jon into elemen* 
tary sulphur. Like all reducing agents, it oper ites as a supplier of 
electrons. The usual product is a precipitate of sulphur arising 
from the changes. 

HaS^2H^+S-»; S-»->S+2e 

It reduces chlorine, bromine or iodine suspended in water to 
the corresponding halogen hydracids, it itself being oxidised to 
sulphur. Clfi+HaS=2HCl+ S i ; I^-f H,S=2HI 4-S | 

With excess of chlorine water, it is oxidised into sulphuric acid 
HfiS+4H,0+4C4=H,SOM8HCI. 

Yellow solution of ferric chloride is reduced by hydrogen 
sulphide to a colourless solution of ferrous chloride. Tri valent 
iron is converted into bivalent iron during the reduction. Hydrogen 
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sulphide reduces the pink solution of acidified potassium perman*^ 
ganate to a colourless solution of manganous salt. It also reduces 
a solution of potassium dichromate acidified with dilute sulphuric 
acid into a solution of chromic salt ; the colour of the solution 
changes from orange yellow to green. 

During the reduction proces<^es» heptavalent manganese is 
converted into its bivalent state and hexavalent chromium into its 
tri valent state. In all these cases, hydrogen sulphide is oxidised to 
sulphur, 2FeCl3-rH.S==2FeC4+2HCH-5 

2 KMn 04 T 3H,S04-r5H«S K^SO^-^2MnSO^-^m^O-\~5S 

KeCrj,0^4-4H,S0,-i-3H;S-Kc,S044-Cr,(S04;8+7H,0+3S 

Hydrogen sulphide al«o shows its reducing properties when 
allowed to act upon cone, nitric acid, cone, sulphuric acid and 
hydrogen peroxide Concentrated nitric and sulphuric acids are 
reduced to nitrogen dioxide (brown gas) and sulphur dioxide 
lesnectiveiy. Kvdrogea peroxide is reduced to water while the 
Tcau^ing gas is oxi-lised to sulphur. 

2HNO 4.H S - 2 H 2 O 4.2NO.-1-S 

H SO, rHjS - SO^-i-2H^()f S : f-H,S=2H80+S. 

Moist sulphur dioxide and li>drogen sulphide react together 
producing <-ulphMr. This is also a redox reaction. 

SO^-’2H^S 3S 

N. B. Sulphu'^ dioxide aiiJ hydrogen ^ulphioe show stmilatities in their 
reducing propertK«. Acidified pcMUsi^tum peirpangBoate and dichromaie solutions 
are reduced bv both the gasts The etTcct producea by it's difiers from that 
produced ny SO because, ^hile etthe^ ga; decolounsesii the permanganate and 
turns the dicbromate troru anisC >enaw to green, hydrogen sulphide also leaves a 
precipitate ot sulphur but «u'phur dioxide does not It is oxidised to sulphuric 
acid in the«e cases 

[b) Hydrogen ""Iphide piecipitates the sulphides of many 
metals from the aqiie us sjlution of their salts. 

C*SO,-^U CuS4 t-HsSO, . 

Black 

Pb(NOj.-rH S Pb^ j.-l-2HNO, 

Black 

HgCl.-rll S--HgS -2HCI , 

Black 

2SbC^ 3H S-Sb S. ^ 6HCI 

Orange 

Experiments to illustrate some ot the properties o( hydrogen 
sulphide : 

(1) It IS solnhh in \atcr and the aqueous solution reacts acidic. 
A lest tube filled with nydrogen Milphide is inverted over water 
when the water I ises up the tubt* slowly. When a piece of blue 
litmus paper h introduced into the solution, the paper turns slightly 
red. This pr wes that the gas is soluble in water, giving an acidic 
solution. 
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(2) Hydrogen sulphide is combustible but does not support 
combustion. When a lighted taper is introduced into a jar of 
hydrogen sulphide, the taper is at once extinguished but the gas 
burns at the mouth of the jar with a blue flame. Solid sulphur is 
deposited in the inner walls of the jar. 

2H3S+0a-=2H,0-i-2S 

(3) It is a strong reducing agent. Feriic chloride solution, 
acidified potassium permanganate solution and potassium dichro- 
mate solution containing a little dilute sulphuric acid are taken 
separately in three test tubes and hydrogen sulphide is passed 
through each of the solutions. There is a notable change of 
colour in each case. The yellow ferric chUuide sDlution changed 
into a colourless solution. The pink coin ir of the permanganate 
solution disappears and the orange yellow solution of potasium 
dichromate turns green. Yellow sulphur is piecipitated in the throe 
tubes. (Explanation and equations of the reactions ha*c been 
given in connection with the properties of hydrogen sulphide ) 

The ose of hydrogen sulphide : liydiogen sulphide is used ns 
a very important reagent iu quah£4tivc analyxis tq laorga uc s dts. 
Sulphide^ of many metal's «re iiiMoluble in w*ttei So. 
hydrogen sulphide is passed into the aquvons solution of salts 
such metals, they are precipitated as their insoluble sulphides. 
Some of these sulphides often hive chaiactcnstic coiours. foi 
instance, 

Cupric sulphide (CuS)— Black 

Mercuric sulphide (IfgS; ,, Cadmium sulphide .CdS) yelk.w 

Lead sulphide(PbS)— „ Antimc»ny sulphide '.Sbj. S ,; - 

Orange 

Arsenic sulphide (As..S 3 )-*yelIov- ; Zinc sulphide — v/hite* 

The characteristic colours of the sulphidei» often help us ir 
identifying the respective metals. 

Some of the metallic sulphides such as CiiS, PbS aie insoluble 
in hydrochloric acid. Zinc sulphide, iron sulphide etc. are soluble 
in dil. HCl but insoluble in solution made alkaline with 
ammonium hydroxide containing NH^Cl. Certain sulphides, such 
as Na«S, KaS, (NH+^gS are soluble equally in water, dilute 
mineral acids and alkalis. Calcium and magnesium sulphides are 
sparingly soluble in water but dissolve in aqueous solution of 
hydrogen sulphide forming hydrosulphide^. 

CaS+H.S-CafHS)* 

For qualitative chemical analysis, the metallic sulphides have 
been divided into three classes : 

(1) the sulphides which are insoluble in dilute hydrochloric 
acid and precipitated from solutions acidified with dilute HCl. 

(2) the sulphides which are insoluble in ammoniacal solution 
and are precipitated from solutions made alkaline with ammonium 
hydroxide. 
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(3) the sulphides which are equally soluble in water, dilute 
acids, alkalis and are not precipitated from solutions. 

Taking advantage of the different solubilities of the sulphides^ 
the metals can be sepaiated fiom a mixture of their salts Let us 
analyse an aque > 11 -* solution containing coppei.sulphate, zinc sul- 
phate and sndiUTn sulphctte. H>drogen sulphide is parsed into the 
solution rendjrcii acidic by means ol dilute hydrochloric acid when 
copp'ir su*phi<^e ( lick) is only precipitated The precipitate is 
filtered off The iiltrate is bjiled and is piade ilkaline by ammonium 
hydroxide On passing hydrogen sulphide through this alkaline 
solution, get the white precipitate of zinc sulphide. The 
resulting filtrate ^MI1 contain the sodium salt only Thus, hydiogen 
sulphide peimits tl».* sepaiation of netals from soi tion Oi their salts. 

When tvvo or more s >lphides ha\c the >ame colour, they are 
identified uith the lielp f vaiio reapent^n For instante, both 
copper sulphide and tncicunc «‘iilphide tie biacL in colour. But 
copn'r sulphide is oltible in hv t dilute nitric and whereas mercuric 
su’pS'de remains ii effected in thi>. acid 

li rhis conn^c i 1 c inu^^t be lemeinbercv" th i tl precipitation 
Ol ^ Iph^des of 'e*als by hydrogen ' Iphide depends on 

many facte . s sncl <i’re and c >nctPtrai m of tic aeJ, alkali 

etc I € on tjie conccnMction ot and OH" lu’ s 

Te*»ts (I) H /(] sulphide is crsiL dmect^^ by its 

chara ter Stic distg«c?ab’ .mell T i )ne ecv. If rapidly 

bIacK;a> a piece of paper ^oaked m leal deflate s due to 

the f -n ation of lead s^r^phidf 

iCH,COO> Pb^H^S PbS - PCHgC OOH 

The gas pr )dii"cs a nice violet ..olour vmiL alkahrc sodium 
nimp-'sside snluiion (It is noted Ihit ^ hogen silphide 
does uut cnange toe colour of sadium mtropius lOt sol 'tion. It 
responds to this te t f'nly when it forms an alkal. ^ dphide with an 
alkali . (4 A silvei com is stained black m • onu^t Ajth the gas 
due l*) the formation ^f a film ol silvci sulph 

Tests for metallic sulphides: D^y Tisi Oi lUd ng dilute 
hydrochloric or ilphunc acid (cold ana >oa jume^ hot) to a 
melailic sulphide, liyJro/en sulphide IS e dvcJ which i detected 
by it, peculiar smeu and by its dvtion on Lad iLv.taL paper. In 
some ca^es, HoS IS iibeiated from tuv. si’pluae^bv the action of 
nascent hydrogen (/n f-H^SO 

^Vet lest • The aqueous s'>lution oi a meul! c sulphide on 
being made alkaline by sodium droxidc solution i> tieatcd with 
a few drops of freshly piepared solution of ssji pitr >prusside. 
\ purple colouration is produced 

To prove that hydrogen sulphide contains sulphur and hydrogen : 

Sulphur : A lighted taper is introduced &ato ajar of hydrogen 
sulphide wnen the taper is at once extinguished but the gas burns 
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at the mouth of the jar. A yellow solid is deposited in the ionei 
walls of the jar. The yellow solid can conclusively be proved to be 
sulphur by Its soltibilify in carbon disulphide. Further the solid 
burns in air producine sulphur dioxide (having a characteristic 
sufFocaling smell) which turns a piece of paper soaked in acid’hed 
potassium dichroniatc solution green. 

2H,S-rO,- 2H„0+2S ; S+O^-SO^ 

Hydrogen : A few c.c. of hydrogen sulphide are collected over 

mercury in a thumb tube which 
is kept over the same metul in a 
trough. A piece of tin is introduced 
into the honzooal part of the tube. 
Now the tin is heated in the atmos- 
phere of hydrogen sulphide v hen 
a solid product (stannous sulphide) 
IS obtained The remaining gas 
inside the tube can be shown to be 
hydrogen by the following test. 

The gas burns in air with a blue flame and produces w itcr 
which turns w lute anhydrous copper sulphate blue. 

Th'is, the above experiments illustrate that hydrogen sulph»de 
contaris sulphur and hydrogen. 

HYDROGEN CHLORIDE, IICI 



Hf. 2(70) 




n 


9 


MOIST HC 1- r.AS 


In 1772, ?riest!c\ fiiM rjc.'sreH the Lomp^uod from the hca salt and terni a ii 
marine ac‘d air (niuriattw acid D.»\y *i 1810 cstabli* lied that it is a^o»nDo*ira of 
hydrogen and ch'oiine and gave the name hydrogen c nloride. The aqueous Sk>l uion 
of jj i j Hk idic and li called !i>drochioric acid. 

Preparation : From metallic chlorides : 

lA^ Laboratory method ; In the laboratory, hydrogen M iMtie 
is usually prepaied by heating 
a mixture of common salt 
(sodium chloride) and concen- 
trated sulphuric acid The 
reaction takes place in two 
stages depending upon the 
temperature. At compara- 
tively lower temperature 
H50" — 200 C), hydrogen chlo- 
ride afd sodium bisulphate 
are formed ; the latter at much 
elevated temperature (above 
500'C) reacts witn sodium 
chloride giving sodium sul- 
phate and niiTc hydregea 
chloride. 

NaCI+lIaSO^-NaHSO, - HCl 
NaHS 04 +Naa=Na„SC), -bHCL 

In the laboratory, the drst stage of the reacton is only allowed 
to occur. 


ijr- NaCl 
)1 „ -HI ONC 
- ^ HjS 04 
' ' 1 


' -j 

1 — -j 


I IK'-CAS 


MR 


My 


I I 
1 


Fig. 2(71) Pieparaiu n ot nvdrogeu 
chloride in the labor at ory 



HYDRIDBS OF NONMBTALS 


201 


Sodium chloride is taken in a round-bottomed flask provided 
with a thistle funnel and a delivery tube, the outer end of which 
dips in concentrated sulphuric acid in a wash bottle. The wash 
bottle is fitted with another delivery tube, the free end of which is 
introduced almost to the bottom of a dry gas jar. Concentrated 
sulphuric acid is poured down the funnel so that the end of it dips 
under the surface of the liquid. The dask is then gently heated 
when hydrogen chloride evolves and passes out through the delivery 
tube. The issuing gas is freed from moisture while passing through 
the cone, sulphuric acid and is collected by upward displacemeat of 
air. The gas may also be collected over mercury. 

N.B. ilydroffen chloride caooot be dried by phosphorus pentoxide becau<ie ot 
the following reacfion 

2P 0. + 3HCl-r0CI,+ 3HP0, 

(B) Hydrogen chlonde may also be obtained by heating 
other metallic chlorides with concentrated sulphuric acid. 

CaCL-^H^SO^=CdSO,-f2HCl ; KCi-^H^SO^=KHSO^-| HCl. 

Some non-metallic chlorides on being reacted with water give 
bvdrogen chloride. 

PCI, ^3H,0 “HjPO^-hBHCl 
SiCI,+4H,0 = Si(011)^+4HCI. 

Preparation of aqueous solution : Hydrogen chloiide is exceed- 
ngly soluble in water and its aqueous solution called hydrochloric 
acid is prepd»-ed by dissolving the 
gas carefully in water Hydrogen 
chloride gcnei ited in ihe flask as 
in Fig. 2(71) IS lea ttiruugh an 
empty flask and is allowed to 
d»ssolve in walerthr< ughafunnel, 
ihc stem of which is connected 
with the end of the delivery tube. 

Care is taken to see that the 
mouth of the funnel just dips 
under the surface of water in the 
beaker. Thi'> irrangenieru is made 
to elimin:^te the possibilily of 
antisuction. If the gas is directly 
!ed into water without passing 
through the empty flask, there 
may be a reduction of pre^^burc 
inside the I’pparatus due to the 
great solubility of hydiogeu chioiide and water from the beaker 
may be sucked back into the t reacuoo mixture in the flask 
causing explosion. 

fC) Synthetic method : Hydiogen chloride may be synthesised 
by exposing a mixture of equal volumes of hydrogen and chlorine 
to direct sunliglit or by heating the miutiire. ft may also be 
prepared by burning a jet of hydrogen in ajar of chlorine gas. 

H, + CI,-2HC1 
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Manofactore of hydrochloric acid : Manufacture of this acid 
is not included in the syllabus. So only the outlines of the com- 
mercial processes are mentioned here. 

/!} Le Blance process; Hydrochloric acid was formerly 
manufactured by heating common salt with concentrated sulphuric 
acid at 600''C in a simUar method as used in the laboratory 
p»*?o.iration. 

2NaCl4-HsSO^=Na2SO, +2HC1 

(2; Synthetic method : The manufacture of the acid by direct 
comhmatioT) of chlorine and hydrogen obtained as by-products 
in the commercial production of caustic soda is nowadays much 
in use. A mixture of nearly equal volumes of hydrogen anc 
chlorine is fed into a burner similar to oxy-hydrogen blow pipe 
placv'd in a combustion chamber made of silica bricks. The 
resulting hydrogen chloride is cooled and then dissolved in water. 

H„-f Cl. - 2HCL 

Properties: Physical —( I ) Hydrogen chloride i< a coIol^rlc^ 
gio with a suffocating odour. It strongly fames in moist air. (2f 
is 1 3 times heavier than air. (3) It is extremely soluble i-. 
war-T. If is also svduble in organic liquids like aleolv^I, acCt'w 
acid etc. (4) Hydrogen chloride can be readily liquefied inU 
cohiirless liquid by application of pressure and coolmg. 

Chemical: (I'l Hydrogen chloride nci/hrr burn\ in ar nor 
supports combustion. However, burning sodiun continfics to b. fi 
in the gas v^ith a bright yellow flame producing hydrogen a '<i 
anhydrous sodium chloride. 2Na+2HCl -2NaCl+Hjj. 

'2) Its aqueous solution is strongly acidic turns blue litmi. . 
red. It is a monobasic acid. In dilute aqueous lOlution, lO 
completely ionise> into hydrogen and chloride ion'* and conduct: 
electricity. 

HCI^H^^ t C.1- ; H 4-H^O [H^O}' 

In fact, the ion responsible for acidity is not the simple H* i )n 
but a hydrated form of it, the hydroxonium ion H^O'. The salts 
of this acid ate called the chlorides such as KCl. ZnCl^, AlCi , 
etc. All metallic chlorides with the excepti'^n of PbClj., AgCI and 
are soluble in water. 

Metals like zinc, magnesium, tin, iron etc. dissolve in h>d‘o 
chloric acid at the ordinary temperdture with the evolution of 
hydrogen and formatior of the corresponding metallic chlorides. 

Zn+2HCl=ZnCl3+H« : Fe+2Ha-FeCl«+H, 

The metals which stand above hydrogen in the electrochemical 
series can only displace hydrogen from the dilute acid. 

Generally, silver, mercury, gold are not attacked by hydrochlonv. 
acid. Copper and lead dissolve in hot and concentrated acid. 
In presence of air copper and silver react with the acid ver^ 
slowly. 



s: 


HYDRIDES OF NONMBTALS 


203 


2Cu+ 8HC1 -h2H3[CuCl4] 
complex compound 

2Cu+4HCl4-03=2CuCl3+2H O 
4Ag+4HCl + O* -=4AgCH-2H30 
Gold or platinum does not react with the acid Liquid 
hvdrogen chloride does not conduct electricity ind hcs no action 
up n litmus or metals in the absence of water However, 
rlimmium dissolves in the liquid 

H>d''ochloric acid reacts with metallic c\idt> and hvdroxides 
leld silts and watei It liberate^ caibon dioxide from a 
cirbcmatc and forms amtTiOnium chloride with aiLmonia ga or 
amni ^niuri hydroxide 

< aOt 2HCl = CaCU HI O , KOfI hHCl kCl-rH O 
/nCO,-f2HCl Znri„ ^H20+C0 , NHj, i-HCl NH^CI 

N 'J VVn*'’! a di solution of iiydrc chloric acid is distilled the skater 
ap^rdic tnd the contcntratior of tie solution inci»i>e« But concLOtrated 
fasdroL -ilor i 1 on disttiluion } scs 0(1^ hydrogen chloj d* tirst dod resulting 
j ila*ion hecom MTiort dill ted ^ii/sohi t> dnvhochlo w acid on disiilianon 
iihm iie y a «ohjion o auin J) -(T This sjiutjoc 

0 snl laog-d a i lou ta i i«‘mptia i 4,(110 ) fh'*dndrf» 1 strergth 

I a vonstant I oilina misiun 

H drochloiic icjJ readiL o idiscJ into chlorine 
i\*d < uueUs like mangi'^^sc ^Jovidc. LaduioviJf potassium, 
OK'^»’Ciiitc convert hot * i Mitiaied intt chl^riiK Air or 
c ^ een m piesence c )ppci c tal>st oxidi w the acic 

V p nrtothlonne 

Mi O +4HCI -MiiCl Ci ^2H O 
PbO 4 4HC1 PbCl +Cl, 2HoO 
KCrO-|I4HCl ZKO 3n,-'^CrC» 

4nri i-o^ 2H o 1 2Cl, 

Potussiiim permaa’ nate oxidises the acid at the ordinar]^ 
ic-mpcratui-c 

2KMnO, IGHCi ^ivC) 2MrCi i-SCl, I^SHO 
Bit h>diochloric acid is i.ot ovidised b\ conv^enterated 
sdlphuiic acid 

v4) When hydro cl iloric. 4 .tCia an aque us '•olutu n of a metallic 
hloiide IS added to a «‘olution of lead, siIvcj or mercurous salt, 
1 white precipitate of the chloiide of the metal is obtained 

Pb -2HCl=-PbCl i 2HNO, 

Lead clPoiide is soluble in boiling wat r 

AgNO,4.HCl AgCi|^HN> 

Hg (NOO 3 + 2 HCI HgCUi 2HNO 

5; A mixture of concentrated h^urochloric acid and 
wOncentrated nitric acid in the ratio of 3 • 1 b\ volume is called 
acfua regia which dissolves the noble metals like gold, platinum etc* 

(* 3 ) Concentrated hydrochloric acid on electrolysis liberates 
hydrogen at the cathode and chlorine at the anode. 
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Experiments illustrating the important properties of hydrogen 
chloride : 

(1) Hydrogen chloride is neither combustible nor a supporter 
of combustion. When a lighted taper is introduced into a jar of 
hydrogen chloride, the tapei is extingui:»hed and the gas does not 
burn. 

(2) It is highly soluble in water and the aqueous solution reacts 
acidic. The solubility in water and acidity of the solution of 
hydrogen chloride can be proved by the fountain experiment. 
The experimental procedure has been described while illustrating 
the similar properties of sulphur dioxide. In this case, the flask 
is only filled with hydrogen chloride instead of sulphur dioxide. 

(3) (a) It reacts with ammonia gas giving ammonium chloride. 
A glass rod moistened with concentrated ammonia solution or 
liquor ammonia is brought near a gass jar containing hydrogen 
chloride when dense white fumes of ammonium chloride is 
obtained. NH, + HC1-NH,C1. 

(b) A small amount of calcium carbonate taken in a test 
tube is treated with dilute hydrochloric acid when a colourless, 
odourless gas is evolved. That the gas is carbon dioxide is proved 
by the fact that it turns clear lime water milky. Thus, the 
experiment illustrates that hydrochloric acid liberates carbon 
dioxide from a carbonate, 

(c) The metals such as /inc, magnesium etc. dissolves in dilute 
hydrocbloiic acid with the evolution of hydrogen A little dilute 
hydrochloric acid is taken in a test tube and a piece of granulated 
zinc is dddea to it. The acid and the metal react immediately 
liberating a colourless, odourless gas. The gas is shown to be 
hydrogen by its inflammability with a blue flame. 

(4) It is oxidised to chlorine by oxidising agents. 

Hydrogen chloride is passed through an inlet tube attached 
to one end of a combustion tube containing heated manganese 
dioxide. A greenish yellow gas is found to escape from the other 
end of the tube. The issuing gas is chlorine as it turns a piece of 
paper soaked in potassium iodide and starch solutions deep blue. 
Hydrogen chloride may also the converted into chlorine if crystals 
of potassium dichroinate are used in the combustion tube in place 
of manganese dioxide. 

Uses ; Hydrochloric acid is widely used in the laboratories and 
industries. In respect of its industrial applications, it stands next to 
sulphuric acid. (1) It is employed in the manufacture of various 
useful metallic chlorides, chlorine and dyes. (2) Hydrochloric acid 
finds its application in medicine, in removing the oxide scale from 
iron sheets before galvanization, in the preparation of glucose from 
starch. (3) it is used in preparing aqua regia to dissolve gold 
and platinum. 
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Test : (1) Hydrogen chloride forms dense white fumes of 
ammonium chloride in contact with ammonia. (2) Concentrated 
hydrochloric acid or any metallic chloride on being heated with 
manganese dioxide and concentrated sulphuric acid liberates 
greenish yellow chlorine gas which turns moist starch iodide paper 
blue. 

(3) When silver nitrate solution is added to hydrochloric acid 
O'* an aqueous solution of a metallic chloride, a curdy white 
piecipitate of silver chloride is formed. The precipitate is insoluble 
in nitric acid but dissolves in ammonium hydroxide forming a clear 
solution of a soluble complex salt. The precipitate reappears on 
adding nitric acid to this clear solution. 

HCI + AgNO , = AgCl+ HNO, 
AgCI+2NH,OH=(Ag(NHs).]Cl+2H O 
- [Ag/NH0.]CI-|-2HNO, -AgCH-2NH,NO . 

HYDROGEN BROMIDE, HBr 

Preparation : (A) Laboratory method — In the laboratory, 
iivdrogen bromide is prepared by the action of bromine on a 
mixture of red phosphorus and water. By the interaction of red 
phosphorus and bromine, phosphorus tribromide and pentabro- 
mide are first formed which then sufTer hydrolysis evolving hydro- 
gen bromide. Phosphorus and phosphoiic acids arc also formed. 

2IM 3Bt 2PBr , ; PBt , 4-3H. 0-3HBr ^H,PO. 

2Pf5Br^ 2PBr, PBr ^4H,0-5HBri-H .PO^ 


A mixture of red phosphorus and water is taken In a round- 
bottomed lT<isk fitted w'lth a 


dropping lunnel and a deli- 
very tube. Biomine is added 
drop by drop from the 
dropping funnel into the 
mixture when reaction takes 
place vigorously ev Ivii.g 
hvdrogen bioraide gas. The 
issuing gas is first led through 
a U-tube filled with glass 
beads covered with moist red 
phosphorus and then through 
a bulb containing anhydrous 
calcium chloride or CaBr, 
(the bulb has not been shown 
in the fig). Moist red phos- 
phorus eliminates any bro- 
mine vapour that may escape 
from the flask and CaCl, 
absorbs the water vapour. 
The pure, dry hydrogen 
bromide is collected by the 
upward displacement of air. 
The gas may also be collected 



Fig. 2(73) Preparation of hydrogen 
bromide in the laboratory 

over mercury. 
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N. B. Hydrogen bromide cannot be prepared by heating a bromide with 
concentrated sulphuric acid in a similar method as used in preparing hydrogen 
chloride. Hydrogen bromide liberated initially is oxidised by concentrated 
sulphuric acid into bromine, particularly when heated. 

NaBr f ir.S04 = NaHSO* + H Br 
2HBr f HaS 04 «Br.^ 2 H, 0 -} SO, 

(B) Synthetic method : Hydrogen and bromine do not 
combine even in bright sunlight. But hydrogen bromide may be 
prepared synthetica’iy by passing a mixture of hydrogen and 
bromine-vapour over finely divided platinum catalyst heated to 
200‘'C. H2+Br„=2HBr 

Preparation of aqueous solution or hydrobroniic acid : To get 
an aqueous solution of hydrogen bromide or hydrobromic add, 
the end of the delivery tube of the Fig 2(73) is connected with 
the stem of a funnel, the mouth of which just touches the surface 
of water in a beaker. The issuing hydrogen bromide ditectiy 
dissolves in water giving rise to its aqueous solution. 

Properties : Physical— (1) Hydrogen bromide is a colourless 
gas with a strong irritating smell. It fumes in the moist air. (2) It 
js much heavier than air (density being almost three times than that 
of air). 

Chemical : (0 Hydrogen bromide on being heated to i>00 C 
decomposes into its elements. 2HBr^±H2-hBr2 (2; Its vapour 
is neither combustible nor a supporter of combustion. (3t It 
iS exceedingly soluble in watei giving a strongl> acid ^solution but 
is less stable than hydrochloric acid. The solution is oxidised into 
bromine even by atmospheiic oxygen in sunlight. 

4HBr4 0,=-2Hj,0t-2Bs. 

The salts of the acid arc called bromides — such as pota^^ium 
bromide (KBr), zme bromide 'ZnBrg) etc. All bromides except 
AgBr^ PbBr, and Hg,Br^ arc soluble in water. 

Hydrobromic acid is a monobasic acid which turns blue litmus 
red. Hydrobromic acid on being reacted with iron, zinc and some 
other metals gives off hydrogen. Potassium reacts vigorously with 
liberation of hydrogen. As an acid, it liberates carbon dioxide 
from carbonates oi bicarbonates and neutralises bases to form 
salts and water. 2K-f2HBr=2KBr4*H2. 

Zn+2HBr=ZnBr,+H2 ; K^CO^-f 2nBr-2KBr4C0.4-H O 
Ca(0H)2+2HBr-CaBr2+2H20. 

(4) It is readily cxidised into bromine by the oxidants like 
manganese dioxide, potassium permanganate, sulphuric acid, 
chlorine etc. 

2HBr+HaSO4=-Br2+2H2O+S0* : 2HBr+Cl2 = 2HCH-Br2 

The above reactions indicate that sulphuric acid has oxidised 
hydrogen bromide into bromine whereas the acid itself has 
sindergone reduction to produce sulphur dioxide. Similarly while 
'Oxidising, chlorine suffers reduction giving hydrochloric acid. 
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T^s for hYdrobromic acid or metallic bromides : (1) Hydro- 
bromic acid or any metallic bromide when heated with concentrated 
sulphuric acid gives off red vapours of bromine Addition of manga- 
nese dioxide expedites the reaction The vapours turn a piece of 
paper soaked in potassium iodide and staich soli lions blue 

(2'1 When hydrobromic acid or a solution of any metallic 
bromide IP presence of a little carbon disulphide or carb'^n tetra- 
hlondc IS shaken a>ith chlorine water, the layer of oiganic sohent 
irns reddish b ^wn due to the liberation of brr mine 
(3) When silver nitrite solution is adotd to hvdrobrot^iic 
or V aqi ecus solut»on of an> metallic hiomide, a pale cMow 
P’^ecipitate ot silver bromide is obtained The piccipitate is 
nsoluble in nitpc jc id but soluble in ammonium hvdroxide with 
"‘ifTiculty 

HYDROGEN IODIDE, HI 

Preparation (A Laboratory metood— in the laboratory, 
hydro[;:'“r\ iodide is usually prepared by the action of water a 
r>7i\tuie ol requisite amou Its of red phosphorus and lodire By 
the interaction of red phosphorus ind iodine phosphorus tn-iodide 
js first formed which then suffers hydrolysis iMth water producing 
ydrogtn iodide and phosphorus acid. 

2P— 31 -2P1 

2Pirr6H,0-:6HI+2HsPO 
:P4.3l2-f-6H O 6H14-iH PO 


\ mixture of red phosphorus and iodine is taken in a rt und- 
‘'ottomed fla^-k fitted with a 
dropping funnel and a deh- [j ^ } i o 

’^ery tube Water from the ii \ 


juDnelis dropped cautiously 
unto the mixture v\hen hydro- 
gep odide is evclved i?nd 
comes out thi ough the deli vci y 
tube The issi mg gas is first 
passed through a U-tube 
containing glass beads coated 
With moist red phosphorus 
and then through a bulb con- 
taining phosphorus pentoxide 
Red phosphorus and phos- 
phorus pentoxide absorb 
jodine vapour and moisture 
cspcctively fCal, may also 
be used in drving the gas) 
The dried, pure hydrogen 
jodide IS collected bv ipward 
displacement of air 




^ NB.aj Hydrogen iodide cannot 

be prqnrea by (be acoon of hot con iodide n (be iaboratoiy 

oentraM sulpbmic acid on aa iodide io a similar method as used m the preparation 
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of hydrogen chloride. The reason is that the hydrogen iodide formed foitialiy is 
oxidised to iodine by concentrated sulphuric acid. Sulphur dioxide is also formed 
aa one of the products due to the reduction of sulphuric acid. 

NaI+H,S 04 *NaHS 0 , + HI 

2HI +H,S04« Is + 2HaO 4-S02 

(2) On heating an iodide with phospeoric acid (H{P 04 ), hydrogen iodide n>a> 
be obtained. Phosohoric acid is not an oxidising agent and there is no secondary 
reaction as in the case of cone. HJSO 4 . 

3NaI+H.P04=Na»P04 + 3HI 

(3) Hydrogen iodide cannot be collected over mercury as the gasattaci^s 
the metal. 

(B) Synthetic method : Hydrogen iodide may be synthesised 
by passing a mixture of hydrogen and iodine-vapour over heated 
platinum catalyst. This is a reversible reaction. As the hydrogen 
iodide is easily dissociated into its elements under the influence of 
heat, hydrogen and iodine may only combine partially to yield 
hydrogen iodide by this process. Hg-f Ia^2HI. 

Preparation of aqueous solution or hydroiodic acid ; 

(1) Hydrogen iodide prepared by the laboratory method is 
passed into water in a beaker through a funnel attached to the 
end of the delivery tube. Hydragen iodide dissolves directly m 
vi^ater producing its aqueous solution. 

(2) The aqueous solution of the gas or hydroiodic rvCid m 2 \ 
also bo obtained by bubbling hydrogen sulphid; "into m siispensior: 
of iodine in water, H S-r-I,“"3HI 

The solution is filtered from the precipitated sulpliur. 

Properties : Physical — il) Hydrogen iodide is a colourless gas 
with a characteristic pungent smell. It fumes strongly in moist air. 
(2) It is much heavier than air. 

Chemical : v 1) // decomposes readily into its elements on heating 
or when exposed to sunlight. Thus, violet vapours of iodine are 
seen when a heated glass rod is introduced in a gas-jai of hydrogen 
iodide. 2 HI^H 3 

(2) It is extremely soluble in water and the aqueous solution 
leacts acidic. This colourless solution is known as hydroiodic 
acid. It is Jess stable then hydrochloric acid. Hydroiodic acid 
is decomposed and oxidised into iodine by oxygen of the air in 
sunlight. Thus, freshly prepared colourless solution of hydroiodic 
acid turns brown gradually on exposure to air. 

4HH-0,=2H.O+2I, 

The salts of the acid are called iodides^such as sodium iodide 
(Nal), magnesium iodide (MgU etc. 

All metallic iodides except Agl, CuJj, HgJ . and Pbl^, are 
soluble in water. 

(3) It is a monobasic acid, in aqueous solution, it turns blue 
litmus red and behaves as a strong acid. 

Hydroiodic acid on being reacted with many metals gives oS 



HYOKIDBS OT NOMltBTALS 209 

h 3 [drogen. It liberates carbon dioxide from carbonates and reacts 
with bases to produce salts and water. 

Zn+2HI-Znl,-hHa ; Na,C08+2HI=2Nal+C0a+Ha0 

Na0H+Hl=NaI+H80 

(4) Hydrogen iodide is a vigorous reducing agent. It is readily 
oxidised with liberation of iodine by mild and strong oxidising 
aaents. 

, 2KMn04-f4H*S0* + 10HI=2MnS0^-f2KHS04+8Ha0+5f, 

j K>Cr20^4-5H2S0* + 6HI = Crg(S0j3+2KHS0,+7H,0-f3l8 
2HN034-2HI=2Ha0+Ia+2N0, 

In the above reactions, acidified potassium permanganate* 
acidified potassium dichromate and nitric acid have been reduced 
by hydrogen iodide to produce manganous salt, chromic salt and 
nitrogen dioxide respectively Hydrogen peroxide undergoes 
reduction to form water. ~ 2 HaO+l 2 

Concentrated sulphuric acid gives different reduction products 
depending on the amount of hydrogen iodide used. 

\H.SO*+2HI=I«4-2H^O+SO, ; H2SO,+6HI = 3l3+4HaO+S 

I H,S0,+8HI=41,+4H,0+H,S. 

Hydroiodic acid can also reduce ferric salts, cupric salts, nitrous 
acid etc. 

' 2FeC!,4-2Hl-2FeCL+2HCl-fI^ 

2CuSO^+4HI=Cu55l3+2H3SO,-|-l^ 
t 2HNO, f 2Hr=2H„0+2N04-l3 

wiiilc reducing, hydroiodic acid is oxidised to iodine in each 
case. 

Uses : Hydroiodic acid is used as a reducing agent particularly 
in organic chemistry. 

Tests for hydroiodic acid and metallic iodides : 

(1) Hydroiodic acid or a metallic iodide on being heated 
with concentiated sulphuric acid liberates violet vapours of iodine. 
Addition of manganese dioxide expedites the action. A piece of 
paper soaked m starch solution is turned deep blue in contact 
with the violet vapours. 

(2) An aqueous solution of hydroiodiC arid or an iodide on 
being treated with chlorine water liberates iodine which dissolves 
In chloroform or carbon disulphide yielding a violet solution. 
This solution turns starch solution blue. 

<3) When silver nitrate solution is added to an aqueous 
solution of hydroiodic acid or a metallic iodide, a yellow 
precipitate of silver iodide is obtained. The precipitate is insoluble 
in both nitric acid and ammonium hydroxide. 

11—14 
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Comparison between hydrogen chloride, hydrogen bromide and 
hydrogen iodide : These halogen hydracids display a well marked 
gradation and similarities in their physical and chemical properties. 

(1) Each of these three halogen hydracids are colourless gases 
which fume in moist air. 

(2) All these compounds are extremely soluble m water and 
their aqueous solutions behave as strong acids of about the same 
strength. The s >luiions in v^alcr dissociate as : 

(X-CI, Br, I) 

In fact, hydrogen ion does not remain simply as but is 
present as a hydrated form or the hydroxonium ion (HsO)^ 

The solubility of halogen hydracids increases from chlorine to 
iodine as shown below. 



» 

I HCl ' 

HBr 

HI 

Solubility in 
water at 0°C 

42 . 

1 

68 j 

90% 


(3) The stability of these acids on the other hand decreases 
gradually from hydrochloric to hydroiodic acid. Dissociation of 
hydrogen chloride into hydrogen and the halogen occurs at above 
1500°C. Hydrogen bromide undergoes slight dissociation at 800 C 
whereas hydrogen iodide dissociates considerably at a tempera- 
ture between 300" and 400*C or even at sunlight 

(4) Reducing character of these acids increases with incieasing 
atomic weight of the halogen. Thus, hydroiodic acid possesses 
remarkable reducing properties. The ease of oxidation of the 
hydracids is shown by the reactions with the following oxidants. 


1 

Oxidising agent > 

1 

HCl 

HBr 

HI 

KMn 04 ,KaCr* 0 ,j 

HNO, 

Oxidised to 
chlorine, ' 

Oxidised to 
bromine 

Oxidised to 
iodine 

H,SO*, H,0,, 

No action 

>* 


Solution of cupric 
and ferric salts, 
HNOa 


No action 

♦> 


The reactions with solutions of cupric and ferric salts or with 
nitrous acid show that HI is more easly oxidised than HBr and 
HCl. 
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(5) Tbe solubility of the salts of the above halogen hydracids 
is to be noted. All halides except halides of silver, lead and 
mercurous mercury are soluble in water. Cuprous iodide is also 
insoluble ill water. When hydi ochlonc, hydrobiomic or hydro- 
iodic acid is added to aqueous solutions of silver and lead salts, 
the insoluble chlorides, bromides or iodides of the metals are 
precipitated. 

AgNOg + HCI - If NO^ + AgCl | ^curdy white precipitate, insoluble 

‘n nitric acid but soluble in 
ammonium hydroxide) 

AgNOg + lIBr- HNO. rAgBrI (Light yellow precipitate, in- 
soluble in nitric acid but dissolves 
blowly in ammonium hydroxide.) 
AgNOg-t-HJ-HVO, i-AglJ (Yellow precipitate, insoluble 

in both nitric acid and ammonium 
hydroxide) 

Pb(NOg>, f2HCI=2HNOH -PbCl« (White precipitate, soluble in 

hot water), 

Pb(NOg) I 2IlBr 2HNO,+PbBr, (Precipitate, soluble in hot 

water), 

Pb(NOj\-f-2Jif 2 HNO.i-Pbl 2 lYellow precipitate, soluble m 

hot w'ater). 



CHAPTER 7 


MANUFACTURE OF SOME 
IMPORTANT CHEMICALS 


Manufactare of Ammooia : 

On the industrial scale, ammonia is obtained : 

(1) by direct combination of nitrogen and hydrogen by Haber’s 
synthetic process. 

(2) by hydrolysis of calcium cyanamide. 

(3) as byproduct in the manufacture of coal gas. 

Haber’s synthetic process : 

Principle : The large-scale production of ammonia is made by 
the direct combination of nitrogen and hydrogen at a high 
pressure and a fixed temperature in presence of a catalyst. The 
process is based on the following reversible, exothermic reaction. 

N,+3Ha^2NH^ 4-22 08 K.Cal. 

Conditions for successful operation of the process : 

(1) A mixture of nitrogen and hydrogen in the ratio of 1 : 3 is 

taken. 

(2) It appears from the equation that the formation of 
amm onia from its elements is accompanied with a diminution in 
volume (hence the number of molecules) i.e. 1 volume of nitrogen 
and 3 volumes of hydrogen react to give 2 vols. of ammonia. 

So, according to Le Chatelier’s principle, high pressure will 
favour the production of ammonia. In practice, the working 
pressure of 200 atmospheres is generally applied in Haber's process. 
The use of very high pressure is limited by engineering difficulties 
and the fear of explosion. 

(3) The reaction between nitrogen and hydrogen is exothermic. 
So, it is evident from Le Chatelier’s principle that the low tempera- 
ture favours the production i.e. the lower the temperature, the 
greater is the yield of ammonia. Lowering of temperature increases 
iat yield no doubt, but diminishes the speed of the reaction to a 
great extent. Consequently, it will take a much longer time to 
obtain an appreciable quantity of ammonia. We know that the 
time is an important factor in any commercial process. So, it 
booomes necessary to select a high temperature at which the reaction 
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proceeds at a workable speed, giving a fairly good yield of ammonia. 
The temperature thus chosen is known as the optimum temperature. 
The optimum temperature in this process has been found to be 
550°C under a pressure of 200 atmospheres and in presence of a 
suitable catalyst. 

(4) The catalyst employed in Haber's process to hasten the 
speed of the reaction is the reduced iron powder mixed with a 
promoter like powdered molybdenum or admixtures of aluminium 
oxide and potassium oxide. 

Nowadays, ferric oxide catalyst with K 2 O and Al^Os as 
promoters is used. 

(5) In order to make the reversible reaction proceed in the 
forward reaction, ammonia formed is removed immediately from 
the reaction vessel. 

(6) As the catalyst is very susceptible to poisoning, the gas- 
mixture used must be carefully purified and freed from impurities 
like phosphorus, arsenic, sulphur, dust particles etc 

Description of the process : A mixture of pure and dry 
nitrogen and hydrogen in the volumetric proportion of 1 : 3 is 
compressed to 200 atmos- 
pheres and is admitted into 
the reaction chamber 
( catalyst-chamber ) ^hich 
IS a upright cylinder made 
of chrome-vanadium steel 
The reacting gasc^ are pie- 
heated by circulating 
around the outside of the 
central cylindei and 
then passed down the 
cylinder containing trays of 
reauced iron (catalyst) and 
molybdenum powder (pro- 
moter). A mixture of 
alumina and potassium 
oxide i-t also used as a 
promoter. Initially, the 
catalyst is elecfrically 
heated to 550 C Bat once 
the reaction starts, no 
external heating is necessary 
as the heat of the reaction 
is sufficient to maintain the 
temperature of the catalyst. Nitrogen and hydrogen react in contact 
with the heated catalyst and are partially converted into ammonia 
( 8 - 12 %). 

Collection : The issuing hot gases containing ammonia* un- 
reacted nitrogen and hydrogen arc then passed through a spiral 
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Fig. 2175) Manufacture ot ammonia — 
Haber's process 
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tube cooled in freezing mixture when ammonia condenses to a 
liquid and collects in the vessel kept below. Sometimes, ammonia 
IS removed by absorbing in cold water. The residual unreacted 
nitrogen and hydrogen together with more reaction mixture are 
circulated again through the catalyst chamber. Thus» the process 
IS made continuous 

Commercial synthesis oi ammonia by Haber’s process is 
conducted in different countries under different pressures and 
temperatures. 

Source of nitrogen and hydrogen required in the process . (1) Nitrogen 
may bs obtained by fractional disiillation ol liouid air and nvdio^en by electiolysis 
of water. But electrolytic nydrogen cannot b'* used prv>ijidblv unless tii'e electricity 
IS cheap and easily available. 

(2) The required nitrogen and hydrogen are usually made irom producer gas 
( a mixture of carbon monoxide and niticgen in the ratio of I 2 by volume 
obtained by passing air over a bed of red hot coke ) and water gas ( a mixture of 
equal volumes of carbon monoxide and hydrogen obtained by passing steam over 
white hot coke ) ri-spectively. The producer gas and water cas arc mixed together 
in such a coirec' pro jortion that nitrogen and hydrogen in the final mixture remain 
in the ratio of 1 3 by valume after removal of carbon monoxide. To remove 

carbon monoxide from the above m*xture the <»a8es are ni'xcd with lequisite 
quantity of steam and led over a beared catalyst consisting of a mixtur* of ferric 
oxide and chromium oxide at 450®C. 

CO+HiO^O. + H. 

Carbon monoxide IS thus converted into carbon dioxide which is removed by 
absorption in water under pressure. Any residual carbon monoitide is removed by 
wa^'hiog with amrnooiacal cuprous chloride solution The gas nuxiuie and 
IS then dried before use 

A flow diagram showing the manufacture of ammonia 



Cyanamide process : Tiic method may be divided into three 
parts. 

(1) Preparation of calcium caibide. (2) Conversion of 
calcium carbide into calcium cyanamide and (3) Hydrolysis of 
calcium cyanamide. 
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Calcium carbide is obtained by heating a mixture of 3 parts by 
weight of lime and 2 parts by weight of coke in an electric fbrnace 
at a temperature of 2000°C or above. 

CaO+3C-CaC24CO 

Heated calcium carbide (llOO'^C approximately) absorbs nitrogen 
producing calcium cyan amide. 

CaC2-f-N3-CaCN.,-fC 

After cooling, cold \^ater is sprayed over the products to 
decompose any unreacted carbide into calcium hydroxide and 
acetylene. 

Ammonia is liberated by hydrolysing the calcium cyanamide in 
autoclaves by means ol super heated steam under high pressure. 

CaCN, 4-3H«0 = CaC0,-f 2NHs. 

Ammonia from destructive distillation of coal : An important 
commercial source of ammonia is the ammoniacal liquor obtained 
as a byproduct in the manufacture of coal gas. This has been 
described later in this chapter in connection with the manufacture 
of coal gas and its byproducts. 

V Conversion of ammonia into ammonium sulphate ; (a) A solution 
of ammonium sulphate may be obtained by directly absorbing 
amm mia piepared by Haber's process or from coal gas works into 
dilute sulphuiic acid. 

2NH, -f H ,80^ = (NH , \S04 

TIic solution on evaporation and cooling separates crystals of 
ammonium sitlphate which arc dried by means of a centrifuge. 

This method of production ot ammonium sulphate requires 
sulphuric acu*. So, the countries where the acid is made commer- 
cially at a ch.ape rate (i e. where sulphur is less costly and easily 
available) cu" only meet the requirmnits of ammonium suipha^e 
by this prorc's. 

(b) Aranionii may be readily converted into ammonium 
sulphate by v .>sing it together wnli carbon dioxide mto a well- 
stirred suspension of finely l rushed calcium sulphate (or mineral 
gypsum (CaSO^.^HaO) in water. Ins. luble calcium carbonate and 
soluble ammonium sulphate are foriped as a result of the reaction. 

CaSO,+2NH„+CO,4lLO CaCO^+lNIIJsSO^. 

The precipitated calcium carbonau; filtered off and the filtrate 
left is an aqueous solution of amiro. ram sulphate. It is evaporated 
and cooled, when crystals of 'immonaim sulphate are obtained. 

Ammonium sulphate is a verv important nitrogenous fertilizer* 
The Sindri Fertilizer Project in Bilnr utilises the above method 
for the production of ammonium sulphate. 

« ^ Conversion of ammonia into Urea. 

Urea, an important nitrogenous fertilizer, is nowadays manu- 
factured from ammonia. 
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Uiea is obtained by heating anhydrous liquid ammonia and 
liquid carbon dioxide at 150‘'C under a pressure of 200 atmospheres. 
Traces of moisture catalyse the reaction. The reaction is carried 
out in a special type of closed vessel called ^autoclave’. 

The reaction takes place in two stages. At first, ammonium 
carbamate is produced by the interaction of ammonia and carbon- 
dioxide. The carbamate is then decomposes to yield urea and 
water. 

2NH34-COa5:iNHaCOONH* 
NHgCOONH^^COCNHi)^-*- rt^O. 

The yield of urea is improved if ammonia is taken in excess. 
Generally, ammonia and carbon dioxide are taken in the molecular 
proportion of 3 : 1. 

After the reaction, the products are dissolved in water and 
distilled carefully when unreacted gases and ammonium carbamate 
are removed. Ammonium carbamate on being hydrolysed produces 
ammonium carbonate which decomposes into ammonia and carbon 
dioxide. The gases thus evolved may be used agdin 

NIIaCOONH* r H20^(NH^)3C08;=^2N0 +C02+H,0 

The urea remaining in solution i<t separated by crystallization or 
by evaporating the water by spraying. 

MANUFACTURE OF NITRIC ACID 

Nitric acid is manufactured by three methods ; 

(1) Catalytic oxidation of ammonia— Ostwald process. 

(2) By the combination of nitrogen and oxy^?en of the air— 
Barkeland-Eyde process. 

(3) Distillation of Chile-saltpetre with concentrated sulphuric 
acid. 

(1) Catalytic oxidation of ammonia —Ostwald process ; On an 
industrial scale, nitric acid is now extensively made by this process. 

Principle : In this process, a mixture of synthetic ammonia 
obtained by Haber’s process and excess of air is passed for a short 
time over platinum gauze catalyst heated to 750—900 C when 
ammonia is oxidised by atmospheric oxygen into nitric oxide. 
This IS a reversible, exothermic reaction and is regarded as the 
main reaction of Ostwald method. The nitric oxide thus produced 
is oxidised by more air to nitrogen dioxide and the dioxide when 
treated with water produces nitric acid. 

The reactions taking place are : 

4NHs+503^N0+6H30 ; 2N0+05,=2N03 

2NO*-l-H,0-HNO,+IlNOa ; 3HN0,=nN08+2N0+Ha0. 

The nitric oxide liberated at the end of the process is reoxidised 
by the air present ^viug nitrogen dioxide which goes through the 
same cycle of reactions. 
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Procedure : Air taking part in the oxidation is preheated to 
about S00"C in a heat exchanger by means of hot gases issuing from 
the converter and is freed from the dust particles by filtering 
through cotton wool in the air-filter. A mixture of pure, dry 



Pig. 2{76)— Osiwald process of manufacture of nitric add 

ammonia and preheated air (in the proportion of 1 : 7 5 by volume) 
s admitted mto an aluminium box called converter across the 
middle of which several screens of platinum wire gauze catalyst 
are fixed. The gas mixture is forced to pass through the converter 
30 rapidly that the period of contact with the catalyst does not 
exceed 0’03 second. The platinum catalyst is initially heated 
electrically to a temperature of 750 C to start the reaction 
subsequently, the Lear produced by the exothermic reaction 
(oxidation of ammonia) maintains the temperature of the catalyst 
at that point The hot products are passed through the heat 
interchanger to heat the incoming air and the process goes on 
without externa] heating. 

About 90 percent or more of ammonia is oxidised to nitric oxide. 
Steam is also formed as one of the products. The hot gases leaving 
the converter are nitric oxide, steam^ excess of air and unchanged 
ammonia. These gu'^cs are cooled to about 50 C by passing through 
a heat-interchanger where thev transfer some of their heat to the 
incoming air and is admitted into an empty aluminium cylinder. 
Here, nitric oxide is oxidised to nitrogen dioxide by the accompany- 
ing air. The dioxide then passes up a stainless steel absorption 
tower packed with broken pieces of quartz over which water flows 
from above. Nitrogen dioxide reacts with water producing nitric 
acid solution ( about SO^o ) which is collecied from the bottom of 
ithe tower. 
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In actual practice, a series of absorption towers is employed for 
the collection of dilute acid which is then concentrated. 

la conaection with thN method, the following important points are to bo re- 
membered. 

(1) The reaction mixture (ammonia and air) must be very rapidly passed 
through the convener so that the time of contact of the gases with the platinum 
gauze catalyst is veiy sborl a'l otherwise ammonia is oxidised to nitrogen instead of 
nitncoxide. 4NH,+ 30.^ N.+ 6 H 2 O; 4 NH,+ 6 N 0 ^ 5 N 2 + 6 Ha 0 

(2) The gases must be nure and be freed from dust particles because sucb 
impurities pcisou the catalyst. 

(3) Nowadays, the reactions are conduwif d at a pressure of 7 to 8 atmospheres 
aad platinum-rhodium gauze is employed as the catalyst. 

A How diagram showing the manufacture of nitric acid by Ostwald 
process : 



\ (2) By direct combination of atmospheric nitrogen and oxygen 

— Birkeland and Eyde process : In this process, the atmospheric 
nitrogen and oxygen are used as the raw materials (or the produc- 
tion of nitric acid on commercial scale. The piocess is very costly 
due to the consumption of high electrical energy to produce the 
high temperature at which the combination of nitrogen and oxygen 
occurs. The process now obsolete and has compeletely been 
replaced by Ostwald process. S"), only the principle of the method 
is given here without going into the details. 

When nitrogen and oxygen of the air are heated at a high 
temperature of 3000 C produced by means of an electric spark, the 
two gases combine to give nitric oxide. 

N,-|-0^^2N0 -43,200 calories. 

It is a reversible, endoth.’rmic reaction. So according to 
Le Chatelier's principle, high temperature favours the production 
of nitric oxide. It is clear that numbers of molecules are equal 
on both sides of the equation and hence the yield will remain un- 
affected by a change of pressure 

The nitric oxide formed and the air are rapidly cooled, when 
nitric oxide reacts with the oxygen of the air yielding nitrogen per 
oxide or dioxide. 2NO-|-Oa =2NOjj 
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The dioxide when dissolved in cold water is converted into, 
nitric acid. 

2N03-{-H,0^HN03+HN02 

3HNOg;?^HNOa-f2NO+H,0 

( 3 ) By distilling Chile saltpetre with concentrated sulphuric acid : 

This process of manufacturing nitric acid is similar to that used in 
the laboratory method of preparation. Costly potassium nitrate is 
only replaced by cheap sodium nitrate which is obtained in great 
quantities from the nitre beds of Chile. 

Principle : Sodium nitrate (Chile saltpetre) on being heated 
with concentrated sulphuric acid yields nitric acid. The reaction 
takes place in two stages. 

NaN0a+H3S0^=NaHS04H-HN0,, (at lower temp.) 
2NaN034-H„S04 ~Na2SO^i-2HM03 (at high temp.) 

Total reaction, 3NaN03+2H2S0^=NaHS0^+Na2S04+3HN03 

Description of the process : Chile saltpetre and concentrated 
sulphuric acid (in 3 : 2 molar proportion) are taken in a large cast 
iron retort set in a brickwork furnace. 



Fig. 2(77j— Manufacture of nitric acid from Chile salt petre 

By means of coal fire, the retort is uniformly heated to about 
200 — 250 "C so that the nitric «cid formed inside remains completely 
in the vaporous state. Nitric acid vapours do not attack the 
iron retort. The vapours of the acid escape through the 
outlet of the retort and enter into the cooling chamber having a 
scries of water-cooled earthenware or silica pipes connected 
together. These pipes are acid-resistant and serve as the condensers. 
The nitric acid vapours leaving the retort condense in these pipes, 
and collect in the stoneware receivers as concentrated nitric acid.. 




220 


INORGANIC CHBNISTRy 


The uncondensed vapours are then made to pass up a tower 
packed with stoneware balls down which a stream of water flows. 
Here, nitric acid vapours and the vapours of nitrogen dioxide 
(produced by the decomposition of a part of nitric acid during 
distillation) dissolve in water giving dilute nitric acid. 

This method is easy to carry out and is employed for the large 
scale production of nitric acid in India. 

" MANUFACTURE OF SULPHURIC ACID 

Two methods are in use for the manufacture of sulphuric acid— 
(1) The contact process and (2) The Lead chamber process. Both 
the processes are based on the catalytic oxidation of sulphur 
dioxide. 

The Lead chamber process has not been included in the syllabus 
of W.B.H S. Council and is noi discussed here. But the students 
should remember that the reactions involved in the chamber process 
are similar to those taking place in the laboratory method of pre- 
paration. The acid produced by this process is of 60 — 65% strength. 
In the contact process, we get 98 , sulphuric acid or sometimes 
100% pure acid. 

Contact Process : 

Principle: When a mixture of pure, dry srIphuT dioxide and 
excess of air is passed over a heated solid catalyst like tinely 
powdered platinum, platinised asbestos or vanadium penti^xide 
(VaOg', sulphur dioxide gets oxidised by the oxygen of the air into 
sulphur trioxide which on being reacted with water yields sulphuric 
acid. 

2S0,+0,^2S03 ; S0,+H*0-H*S0*. 

But in actual practice, sulphur trioxide is not dissolved in water 
directly but is absorbed in concentrated sulphuric acid. The result- 
ing f^uming sulphuric acid or oleum chemically known as pyrosul- 
phunc acid is cautiously diluted with water to give 98% sulphuric 
acid or sometimes iOO'/^^purc acid. 

The favourable conditions oj the process : 

(1) The most important condition for the successful operation 
of tie process is that the mixture of sulphur dioxide and air used 
must be completely freed from dust particles, sulphur, arsenious 
oxide, hydrogen sulphide, water vapour etc. These impurities 
poison the catalyst and the reaction is ultimately stopped. The 
activity of the solid catalyst is much enhanced if it is used in a 
finely divided form providing greater surface of contact. 

(2) The oxidation of sulphur dioxide is an exothermic, reversible 
reaction. 2SO, 4- O, s;* 2SO,+45’2 Cals. 
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If K be the equilibrium constant, then according to the law of 
mass action 

fSOJ* 

[S0,rx[0,l 

Since the value of K is fixed, the use of excess of oxygen (air) 
favours the conversion of more sulphur dioxide into sulphur 
trioxid. 

(3) The reaction is exothermic. So, according to Le Chatelier's 
principle, the yield of sulphur trioxide is greater when the working 
temperature is lower. But lowering of temperature reduces the reac- 
tion rate to a great extent and it will require a much longer period 
of time to obtain an appreciable quantity of sulphur trioxide. 

Thus, the above conversion at low temperatures is not advan- 
tageous in an industrial process In contact process, the oxidation 
reaction is conducted in presence of finely divided platinum or 
vanadium pentoxide catalyst at a temperature of 450°C (optimum) 
at which the rate of reaction is not too slow and the yield of 
sulphur trioxide is fairly good. 

(4) It appears from the equation that the reaction is accom- 
panied by a decrease in volume or number of molecules. There- 
fore, Le Chatelier’s principle demands that the use of high pressure 
will improve the yield. But if the conversion is made at the 
above working conditions, the increase of pressure makes no 
appreciable improvement of yield. Hence, in industry, the process 
IS worked at 1*5 atmospheres. 

{ 5) If the product (SOs) is removed from the sphere of action 
as soon as it is formed, more and more reactants will combine to 
form sulphur trioxide. 

(6) When sulphur trioxide is passed into water, only a slight 
amount of it dissolves in water. The heat produced during the 
direct absorption of sulphur tiioxide in water leads to the forma- 
tion of fine mist of the acid which cannot be condensed. So, it is 
absorbed in 98% sulphuric acid. 

Description of the process : (A) Production of sulphur dioxide : 
The most important raw material sulphur dioxide is produced by 
burning sulphur or iron pyrites with excess of air in a special 
burner. S-f-Og^SO^^ ; 

4FeSg+110g=2feg03+8S0g, 

The gas mixture leaving the burner contains S% of sulphur 
dioxide, 82% of nitrogen and 10% of oxygen, 

(B) Purification of the gas mixture : The mixture of sulphur 
dioxide and excess of air from the sulphur burner is carefully 
purified by passing through a dust or steam chamber where the 
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particles of dust, sulphur, arsemous oxide and other suspended 
materials are made to settle down by injecting steam on them. 
The gas mixture thus purified is cooled to about lOC'C by passing 
through a spiral lead pipe and is admitted through the bottom 
of a tower containing earthen ware balls where the mixture meets 
a spray of water which dissolves the soluble impurities The 
issuing moist gases aie then dried by passage through another 
tower (scrubber) packed with coke down which concentrated 
sulphuric acid IS allowed t^ percolate The gases are washed by 
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Fig 2 78) Manuf'«cture of sulphuric acid by contact proce«.s» 

» 

the acid and IS freed from the moisture The puie and drj gas 
mixture appeals to be tiansparent The transpr'ic is examined 
in a glass b IX (Tyndall box) in a beam of powerlul light When 
no suspended paiticle is present, the gases are passed into the 
contact chamber or reaction c lambet made ot iron 

(C) Oxidation of ^sulphur dioxide The confd\.t fiirnice or 
chaml^r contains a tew venicil non tubes packed wjih the powdeied 
catalyst (platinised asbestos) and healed extertaliy lo about 500 C 
at the start. The incoming gas mixture first circulates round the 
hot tubes whereby the pipes lose a part ot their heat and the 
mixture IS preheated The preheated mixture now passes down 
the contact pipes in which ^'uHhur dioxide i oxidised into sulphur 
tnoxide with evolution of much heat The passage of the cold 
reacting gases into the contact Ci^amb i is controlled in such a way 
that the temperature of the catalyst is maint lined at 450 C 
(optimum temp). Since the oxidation reaction is exothermic, no 
hirther heating is necessary after the reaction has once started. 

(D) Absorption of sulphur tnoxidv— C olleclion of sulphuric 
acid . Sulphur tnoxide leaving the contact cljaraber is passed 
through a heat exchanger (^not sn^ wn in the hg ) and the gas thus 
cooled is absorbed in 98 percent sulphuric acid m an absorbing 
tower forming fuming sulphuric acid which collects in a tank. 
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A stream of water or dilute acid is allowed to run into the 
tank in such a controlled way that the strength of the acid is 
always maintained at 98 per cent. 

A flow diagram of manufacture of sulphuric acid by Contact 
process : 
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fuming sulphui ic acid or oleum . Oa pas<img excess of su’phur (noxtde into 

sulphuric acid, an oily fuming liquid is obtained. This ks known as fuming 
sulphuric acid or oleum. Oleum, on dilution with requisite amount of natcr, 
yiel Is 100 percent sul^hunc acid or sulphuric acid oi different strengths. 

SUPER PHOSPHATE OF LIME 

To increase the fertility of the soil, the use of artificial fertilizers 
containing phosphorus is a regular necessity. Natural phosphorus 
compounds phosphorites, apatites etc. and the animal bones contain 
phosphorus in the form of insoluble tertiary phosphate, Cag (PO)*. 
Due to its insolubility in water, this mineral tricalcium phosphate is 
unsuitable for use as a fertilizer. Readily soluble phosphates 
to be used as quick-acting fertilizers are obtained from these 
insoluble phosphatic minerals by chemical treatment. Super- 
phosphate is the name given to a soluble phosphatic fertilizer. 

Preparation : Powdered niineral phosphate such as phosphorite 
or apatite is treated with calculated amount r^f sulphuric acid 
(60--7(y;o) when the insoluble normal tricalcium phosphate is 
converted into the soluble primary monocalcium phosphate. 
Hydrated calcium sulphate is also formed as one of the products. 

Ca3(POJg+2H, S04+4H,0=CafHgP0J,+2(CaS0*.2H30) 

The mixture consisting of mt'nocalcium phosphate (or calcium 
dihydrogen phosphate) and calcium sulphate (gypsum) is known 
as super phosphate of lime. 

Description of the process : Equal quantities of finely ground 
mineral phosphate and sulphuric acid (chamber acid containing 
fiO— 70’’ HgSOJ are run into a cast iron mixer provided with 
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revolvisg blades. The mixture is stirred for two to five minutea* 

and then discharged quickly 
through the outlet into the 
brick- lined pits or dens below. 
The pits when half filled are 
closed for 24 — 48 hours for 
completion of the reaction 
which starts in the mixer. 
The reaction takes place with 
rise of temperature to 100' C and 
with evolution of various gases 
like carbon dioxide, silicon tetra- 
fluoride, hydrogen chloride etc. 
which are absorbed in absorp- 
tion towers. The evolved gases 
give porosity to the material. 
After the reaction, the whole 
mass stiffens. Super phosphate 
of lime is then taken out, care- 
fully dried by hot air and broken into fine grains for use. 

COAL GAS 

Composition of coal gas : Coal gas which consists essentially 
of a mixture of hydrogen, methane, carbon monoxide, ethylene, 
acetylene, benzene vapour, nitrogen, carbon dioxide, oxygen etc. 
is used as a fuel and for illuminating purposes. 

Coal, on being subjected to destructive distillation, gives rise to 
both volatile and non-volatile products. When the volatile matter 
is cooled, a portion of it condenses to liquid. The remaining 
gaseous portion which escapes condensation is known as coal gas. 
The composition of coal gas varies with the nature of the coal used 
and the temperature of distillation. 

The gaseous constituents of the coal gas fall into three groups. 
An approximate percentage composition of coal gas by volume is 
given below. 

(1) Heat producing but ( Hydrogen 45— 50*., 

non-illuminating j Methane 25—35% 

( Carbon monoxide 5-11% 

(2) Illuminants— light producing * f Ethylene, acetylene and 

\ benzene vapour 2-5— 5‘v 

(3) Inert diluents : C Nitrogen 2—10% 

j Carbon dioxide 0—0*3^.. 

( Oxygen 0-l*5‘;o 

Besides, H^S and some other substances may remain as 
impurities. 

Manofactnre of coal gas : Coal gas is manufactured by the 
destructive distillation of coal. 



Fig. 2(79) -‘Preparation of super 
phosphate of lime 
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Powdered soft or bituminous coal is taken in a row of horizontal 
(or vertical) air-ti<*ht retorts made of fireclay. The retorts are 
externally heated to about 1000— 12C0'C by means of producer gas 
burnirg in air when coni gets decompo sed into an enormous 
variety of products. The volatile products given off rise up from 
the retorts through the vertical iron ascension pipes leading into a 
horizontal main known as hydraulic main containing water at 
a fixed level. Here, the ttmperaturc of the gas mixture falls to 
about 60'’C and a portion of it condenses into tar and water having 
dissolved ammonia and seme ammonii m salts. The excess of 
the condensed liquid (tar. water etc.) flews into the tar- well below. 
The hot gas mixture i suing from the hydraulic main passes in 
succession through a series of air ( or water ) cooled vertical iron 
pipes acting as condensers. The gas is further cooled here and is 
condensed to form more liquid which runs into ihc tar-well. The 
liquid in the storage well separate.^ into two layers — (a) the upper 
watery layer being amrroniacal liquor or gas liquor which contains 
free ammonia and ammonium salts and (Z?) the lower tarry layer 
called coal tar containing a vast number of hydrocarbons. With 
the help of suction pumps, the coal gas (containing impurities like 
NHa, HCN, H.iS, CS^etc. is drawn out of the condensers and 
is fcrccd to enter info a Jong iron tower (called washer or scrubber) 
packed with coke, Down this tower flows a stream of water while 
the gas passes up. All traces of ammonia, tar ard some hydrogen 
cyanide, carbon dioxide, hydrcHcn sulphide arc washed away 
with water in the scrubber The thus washed still contams 
hydrogen sulphide, carbon disulphide, carbon dioxide and hydrogen 
cyanide as impurities, the presence of which being highly objec- 
tionable in a gaseous fiul. To remicve these impurities, the gas is 
led through the purifiers which are rectangular iron tanks fitted 
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with horizontal shelves on which hydrated fen ie oxide ( ferric 
hydroxide) is spread. On some of the shelves, slaked lime is also 
placed. In the purifiers, all CO, and some H,S, HCN, CS, are 
11—15 
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absorbed in slaked lime and removed. Moist ferric oxide absorbs 
the last traces of HaS, and HCN. 

Actually, any of the absorbing agents (hydrated ferric oxide or 
slaked lime) may be used. 

Ca(OH)2+CO, = CriCOa i H^O ; 2Fe(0H)3+3H2S=Fe,S3+6H,0 
Ca(OH)a + 2IIaS-rafHS)3j42HaO 
2Fe(OIlj3+6HCN- 2Fo(CN), + 6HaO. 
Ca(OH)a+HaS- CaS4 211^0 ; CdS+CS^ -CaCS.,. 

The coal gas, thus purified is finally stored over water in big 
gas-holders. 

The solid substance left in *he retorts afier the destructive 
distillation of coal is coke. A hard dense deposit of carbon formed 
due to the thermal decompositioi of hydrocarbons is found on 
the inner walls of the retorCs. This is gas carbon. 

Hydratei* ferric oxide oil being reacted with h^'drogen ‘.ulphi *c is converted 
int J ferric sulphide and loses its absorbio*' power. Ft is iheii called so ‘nt oxide of 
iron- Th-* iron oxid*, thin exhausted, 1 $ “xposed jo the ^ir, ^hereby h>dratcd 
oxide is regenerated and can be used over again. Piee sulphur is also separated. 
Spent oxide is utilised as a source of sulphur 
2FeaSH-30. {-6H 0^6S + 4Ff(0H),. 

The used-up lime lu the purifiers forms spent lime or pas lime. 

Ft is vcf> difficult to icmove carbon di*ui< h de corrplcteb Irom the giN mixtuie. 
For its com d te n movaf, the coal p ♦s in ^ome gas is ed over nickel 

he ded to450®C. Carbo i disulphide and hsdiogen pre*^ent n the gis react together 
forming bvdiogen sulphide which is temoved a. usual by hydrated torrio oxide. 

CS.+2Fi,-2HS+(. 

Destructive distillation of coal 


Vol.irilc matter Non -volatile matter 


Coal gas Liquid Coke Gas carbon 

(Mixture of _ _J 

several gases) | 1 

Ammoniaeal liquor Coal tar 

Byproducts of coal gas industry —tfaoir uses ; 

(1) Coaltar: Coal tar is cj*ik black, foul-sinelling viscid 
liquid but is a mixtuie of a latge niinbcr of valuable organic 
compounds. When subjected to fractional distillation, it gives rise 
to benzene, toluene, naphthalene, anthracene, phenol ^nd many 
other important substances which are the starting materials for 
various dyes, drugs, perfumes and explosives. Besides, it is used 
for preserving timbers, in preparing water-proof gunny bags and 
for protecting iron from rusting. The ‘pitch’ which is left after 
distillation is used for road making. Mixed with oil, it is used in 
making varnishes. 
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(2) Amoioniacal Hqaor : It is an aqueous solution of ammonia, 
ammonium salts like ammonium carbonate, ammonium hydro- 
sulphide etc Oil boiling with excess of milL of lime, it produces 
gasc )us amm >nid whi^a cm be directly absorbed in sulphuric acid 
to give ammonium sulpnaie, a very important nitrogenous 
fertilize Ammoni i gas when passed into water gives liquor 
ammonia of c mmerce 

^3) Spent o side of iron This is obtuned from the puiifiers. 

It IS employed is i source of sulphiu winch when burnt in air 
gives sulphur dioxide requued in the commercial production of 
sulphuric acid It is also used in the manufacture of potassium 
ferrocyanidc 

(4) Spent hme Of gas lime : lt]'» obtained trom the panhers 
and IS u\ d as a mai urc 

(5) Gas carbon It is a got d conductor of heat and electricity 
and widely used in maki m electrodes. 

(6) Coke C IS p\^e iSiV'*ly T sed as a good fuel ind in 
met llurgy a> a TpJiicing ig ut It is also usc^ in the m'lLDfactuie 
of watei g Is and p odi eer ^as 

N B Tilt. de^trdPt've distiihtion 01 cDal IS also known as carbonisation of 
coal the naiure a d iijanf tv of tn* nroducts depend liwlv on *he tensperafure 
ot dis( Il4iii>ii lf“dist I noiofco I at 17W fempt^rateirc (bOO—bSO’C ) is called 

» Ti) rauir- 1 bonisr tn^nf when tV dist lliti >n (s earned ou* it high 
(“rapwrame 1000 1201; C , it is called hiaa ‘ermerature carbonisation 1 cither 

ease, coal gas, o ti tar 'll! 1 coke ah the mam o oJucts but the products of the two 
process 1 tier 1 1 qin ti*y as v II i** in quality. 

Coal when suh<ec»ed 1 1 low t mserafu»-e carbonisation i;ives much le#s cial gas 
T5ut th f j; 1 C wilo i ic value ind is a b‘ttei fuel The low temp-iature 

orocr ss y 'M** n r | oal tar which con ans laree amo ints of i ipha'i nr p iraHia 
h' Iro^arosn This tii o i di-tii i^oi gives inotoi solr**’ Mo eovci, this { loc-ss 
:;v^aw)iv > I hi oft adily nO i i nn >lc a iJ hu' ns without smoke lh»s i why 
t IS us-'das a tu i in ‘i-sjs )i »IJ I sai ti oh ni*d fr-'n Ine hii?h temptrilurc 
dtbi 1 Uio 1 cs iUm 1 a » in jusuni iin tar on fractional a stilla- 

iJnpvj'ib3v le, ioij’4 , he i > lajhiiuieie er' Ihe high temp'raiufi coke 
oS bald and hums wirti siii kc Ii is used as a r during ag*nt and a fuel in 
metal 'u g cal indiistrici* 

* Other impoitant ga&tous fuels : 

f'roducergas Prot. icer gis»s essentially a mixture of c it *3on 
nono\ide aud nitrog».'u tud is a clieip industrial fuel Some ''aibon 
dioxide als i present in U\c m xt re It is prepared ^ '' m ag a 
regulated s ipply of u tin lu^n a ri.d uf red lioi coke (temp iture 
5000 C) in i special kind ot fun i e ^.alled pro tucc*, 

2C^05, 2C () i-SS OOOcalb 
O O 1 94,000 cals 
CO* C ?CO roOuOnK 

The loimation t f pro‘i«ic*r gas is iccompanied with the evolu- 
tion o* lar^c amounts A neat which is earned away by the gas. 
With a view to saving thu loss this heat, the producer gas tresh 

^ Not included in the W. B. H. S Syllabus. 
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from the generating plant is mixed with air and burnt so that the 
heat liberated during the formation is added to that generated as a 
result of combustion. 


2C0+02-2C0a+ 136,000 cals. 

The gas generating plant or producer is simply a large air-tight 

stove. Suitable arrange- 
ments for admitting the 
fuel and removing the ash 
without disturbing the 
process are also provided. 

The fuel is fed from the 
top by a cup and cone 
arrangement. The producer 
is provided at the base 
with an inlet through 
which air is introduced. 
The gas leaves the plant 
through a gas outlet. 

Its average percentage 
composition bv v(»li>me is 
CO, 20 ; N.^, 60 ; 

CO,,, 6 and 

Fig. 2(81) Producer gas generator' Producer gas is used in 



heating coal gas retorts and metaliurical furnaces. 

Water gas : Water gas is a mixture consisting of about equal 
volumes of hydrogen and carb» n monoxide. It i« obtained by 
passing steam into a bed of white hot coke (temp. 1000 — HOO'C). 
A little carbon dioxide remains in the gas. The reaction involved 
in the formation of water gas is strongly endothermic. 

— 39,000 cals (at bright red heat) 
C4-2 HjsO^CO> 4-2H2- 29,000 cals (at dull red heat) 
COa+Ha^CO+H^O- 10,000 cals. 

Water gas is a valuable fuel having a high calorific value. It is 
used in the m^.nufacture of hydrogen, methyl alcohol and synthetic 
petrol. It IS also employed as a reducing agent in metallurgy. 



QUESTIONS 

FIRST PAPER -Group A 


CHAPTER ! : Introduction 

/ 

L' What i. chemistry? What arc the different branches of 
chemisiry? Justify the statement— “Chemistiy is an experimental 
science. * ^ ^ 

DeCne and illustrate (tf)" Element, Compound, (i^ Mix- 

ture, Exufheriiiic and cndolhermic compounds, 

J. Tabulate t)ie essptial differences between a mixture and a 
chemi*'al compound of iron and sulphar. 

It St lied that a heterogeneous substance must be a mixture. Is 
conveise that a mixture nust always be heterogeneous true ? 

la^iify ens.'^i wji!j ^uilable examples. 

^ ><4te With icd'-ons which of the following are elements, 
ana mi'v tines : 

'♦V . ti 5* agar, A • . :T{ ' I of co omon s ilt. Ijou powder, Carbon, 
N'it sgen. rcaou‘ * nip k c, C\ *r powder. Rust, Air» \erated 

w iter, Nfrc oi). 


Cil .PTER 2 of cbemici! ctimbinatio*; ~Da*ton's atoiivc 

flicory 


v>: W iuit do 'vo’i m«' m hy a hw. hypothesis and theory Dis- 
tinguisl^-bctwcen a la A' and a Hypothesis. 

Sf'iteand LXplai»» ^uil «hlc examples the laws of chemical 
:ojnb'nation by v\cighr a»iJ y voi'umt. 

tlow 'irt these »*ws d due I'^'orn DaPjnN r*tomIc iheorx 

3^'t!^,iV0isicr C! unci ted a fimdamenT.il law of chemical 
D'rabinHtion. Slate an i exph in the law. How will you explain 
this law in the light uf Dalton's atomic theory ? 


Describe a suitable experiment by means of which you can verify 
the law,-- 

State the law of conservation of mass. How would you 
ree.oncile the following facts with the law just mentioned. 
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Xa) A candle bums in open air and loses in weight (6) A 
piece of camphor left exposed in air loses in weight, (c) Magnesium 
burns in air and gains in weight, {d) A piece of iron on exposure 
to moist air increases in weight. (/) A piece of charcoal when 
ignited burns away leaving a small quantity of ash behind. 

5. Show that the following phenomena are not in contradiction 
to the law of conservation of mass. 

{a) A piece of copper when strongly heated in air gains in weight. 

{b) Copper carbonate, if heated, loses in weight. 

Jic) A naphthalene ball kept on a watch glass disappears 
gradually. 

In the strictest sense, the law of conservation of mass is admitted 
to be inexact in many chemical changes accompanied bv evolution 
of much energy (heat), but the law holds good for ordinary 
chemic^reactions. Criticise the statement. 

6^ State and explain the law of constant or definite proportions. 
Sh"bw, with one example, that the conveise statement is not always 
true. 

7, State the law of multiple prop >rtions. Verify the law using 
tlia'dompounds of carbon and oxygen. 

The compositinn of the oxides of nitrogen illustrates the law 
stated. The law of definite proportions and ihe liw of multiple 
proportions arc not always free from defects. Discuss. 

^ g. State the law of reciprocal proportions and illustidtc it with 
two examples. Why is the law of reciprocal proportions also called 
law of e^tjuivalent proportions ? 

Define an atom according to Dalton. State the fundamental 
postulates of Dalton’s atomic theory. How are the law o»* cooFerva 
lion of mass, law of multiple proportions and the law of reciprocal 
proportions explained in the light of the theory ? How’ does present 
day atom differ from Daltonian atom ? 

10. Write notes on : (a) Atom, {b) Molecule, (r) Atomic 
weight, {d) Gram-atom. What do you understand by the state- 
ment : “The atomic weight of chlorine is 35*46/» What is the 
modern unit used in comparing the atomic weights of elements ? 

11. What is atomic mass unit (a. m. u.) ? 

The atomic weight of oxygen is 16. How would you calculate 
the weight of one atom of oxygen in gram ? Hence calculate the 
value of 1 a. m. u. 

12. State alid illustrate Giy Lussac's law of gaseous volume. 
In what respect does the law differ from other laws of chemical 
combination ? Can you explain the law on the basis of Dalton’s 
atomic theoty ? 
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1. Show that the following figures are in accordance with the 
law of^nstant proportions : 

\J}1) The solution obtained by dissolving 1 gm. of copper in nitric 
acid was evaporated slowly to dryness and the solid residue left on 
strongly heating gave 1*252 gms. of cupric oxide. 

(ii) 1*375 gms. of cupric oxide when strongly heated in a 
current of hydrogen gave 1*098 gms. of metallic copper. 

2. Sodium chloride derived from three different sources gave 
the following results on analysis. 

(i) 1*6 gms of sodium chloride contained 0‘970 gms. of chlorine. 

(ii) 5 gms. of sodium chloride contained 3*034 gms. of chlorine. 

(iii) 2 65 gms. of sodium chloride contained 1*608 gms. of 
chlorine. Which of the laws of chemical combination is illustrated 
by these figures ? 

3. (a) Pure silver chloride on analysis was found to contain 

75*26 , of silver. Admitting the law of definite proportions, 
calculate the v eight of silver lequired to produce 15 gms. of silver 
chloride. [Ans, 1 1 *289 gms^] 

(A) Copper sulphate crystals contain 25 45°4 of copper and 
36 07 , of water. If the law of constant proportions is tiue how 
much copper should be used to produce 8*316 gms. of the crystals 
and how much watei will they contain ? 

[J/fj Copper- 2*116 gms ; water~2 999 gms.} 

4. (a) Given thdt (i) 0*12 gm. of a metal gives 0 20 grn of oxide 
when healed in air (ii) its carbonate and nitrate contain 28 5', and 
16’2 of the metal respectively. Apply the lav/ of definite propor- 
tions to calculate what weight of the oxide will be obtained by 
healing 1 00 gm of each ol the carbonate and nit^^te. 

[A/is, from carboudic 0 175 gm. and from ni / ale 0*270 gr> } 

(d) Ferrous sult-'ddc contains 36 47 per ceni of sulphur. When 
1 gm of iron is heated with 2 gms. of sulphui, how much ferrous 
sulphide is f irmed and bow much sulphur lem. ins ni.changed. 

[Ans. FeS-l 574g. S-l*426gl 

5. Two elements A and B combine chenucally to form three 
different compounds. The clement B is present in these compoundjs 
to the extort of 25', 14 2S and 7 69 . rcpcctiveJy. Show that 
these experimental results siippoil a fundamciit d hw of chemistry. 
State the law. 

6. Analytical results sh^Mv that (u) Thrte hina«-y compounds 
of nkrogen and hydng^n cuiitain 17*65%, 12 5°o and 2 33S of 
hydrogen (bv weight) respectively. 

(d) Two oxides of nitrogen contain 63*65% and 46 68% of 
nitrogen (by weight) respectively. 

(c) Two hydrocarbons contain 75% and 80^ 3 carbon respectively* 
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fd) Two chlorides of a metal contain 35 9% and 52 8% of 
chlorine respectively. 

Show that these results are m agreement with a law of chemical 
combination. 

^7. yTour oxides of lead contain the following weights of the 
elemcfnts 




Lead 

Oxygen 

la) 

Lead bub:>xide 

5 108 

0 20 

(6) 

Lead monoxide 

1 2975 

0 10 

(c) 

Lead sesquioxide 

6 5008 

0 75 

(<0 

Lead peroxide 

8 no 

1 2525 


Show X\kA these iii^ures illustrate the law of multiple proportions. 

s/os gm and 0 4 gra of two oxtdc oi a metal gave on reduc- 
tion by hydrogen 0 1687 gra and 0 100 gm of water respectively 
Show tjb^at the icsulia illustrate tae law >f multiple prop -jrtions. 

^ 9^ Three >xi les ot iron have ^he following compositi in 

Iron Oxygen 

{a) 11 lb 22 22 o 

(b) 70 00 o 30 00 

^c) 72 42 o 27 58% 

Show how they illustrate the law of multiple proportions 

10 1 0 gm cf copper was dissolved in nitric atid and on igni- 

tion ga\e 1 25 ams of cupric oxi Je * OOgm of iproii^ oxide when 
Ignited Mac incnt of hydrogen gi\e 0 gra o* c Show 

that thesj illustrate the Itw of rnuli pli p opMUi> is 

II. TIm 1 'll! > A mg Jesuits Were obta ’cd b> heitMg diflerent 
oxides of lead in a current of hydrogen 

(fl'l 1 391 gras, of litharge gave 1 2^3 gms of lead 

(b) 2 173 gm <if L td pero vide g i\e 1 882 gms of lead 

(c) 1 721 g ns ol lea lead g«ve 1 52 gms ol lead 

Show that these results are m acc irdan^e wuii the law of m iltiple 
proportions 

12 Three oxides n, 6 and c ofa e it nn niwlal ; ere heated to 
constant weight in a carreut of hydiogen and water obtained in 
e^ich case was weighed The foil )wing icsults w 're lecorded : (i) a 
gave 8 07% (it) b gave 11 6S and {in) c gave 15 05 o of water 
Show that the lesults illustrate tac law of multiple proportions. 

13 Results ol analysis of three different compounds are as 
follows 

Methane Carbon monoxide Water 

C - 75^/ C=:42*86 u H= 1 1 1 1% 

H=25% e=57 14% 0 = 88 89% 

Show that these results prove the truth of one of the laws of chemi- 
cal combination. 
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14. Nitric oxide contains 46*67% nitrogen and 53*33% oxygen. 
Water contains ir2t% hydrogen and 88 79% oxygen. Ammonia 
contains 17*78% hydrogen and 82*22% nitrogen. Show that the law 
of reciprocal proportions is observed in the formation of these 
compounds. 

15. Hydrogen sulphide contains 5*85%hydrogen and 94*15% 
sulphur. Water contains 11*11% hydrogen and 88 89% oxygen, 
sulphur dioxide contains 50 sulphur and 50 \ oxygen. 

Which of the laws of chemical combination is illustrated by 
these resulU ? 

16. Result's of three experiments are dc«’cribed below : 

(i) 0*12 gm. of magnesium produces 0 20 gm. of its oxide ; 

'//) 560 cc. of hydrogen f*re liberated when 0*6 gm. of mag- 
lesium reacts with an acid. (Vol of Hb is measured at S.T.P.) 

[ui) 0*63 gm, of water is produced from 0 56 gm, of oxygen. 

Whicn of tlic laws ot chemical c 'mbination explains these obser- 
V *ti >ns ? Explain your answer and slate the law. 

17. (a) Is it posMble to find »'ut the atomic weight of the 
eh ment ‘AT’ from the following data ? 

>-5gms. of Ihc compound XNO, cmtains 32 gm» ofovygen 
d 14 gms. x)f ndr'gen (atnraie weigh’ < f nitrogen - 14 0). 

o ) Tf 100 c c. of b’;dr ‘’en he aj avc I rcth with 150 c c. 
of il lonue at S.r P Wh it \ ill the vohimc ol h\ihogLn chloride 
t>iod iccd ? Wiiat volume ot chlonne \'ill leraam as les.duc 

CHAPTER 3 Avog?dra’s hypothesis and Molecular theory 

I 

1. State and iIL <Taie the 1 iw cf i hemic..! combination which 
: in ot He t \pla aed with the help of DaiionS it mic theoiy. Show 
nov, this l«v\ kd to the cliM'incbxFii between an atom and a 
molecule, 

" State the hypolhwSi<5 whi Ii hclpcJ in laimomsu g Gay- 
L I '>ac*s lav\ ot pase♦>l'^ vo' lae, I'lth l*,>llon s atomic theory. Give 
a brief accou of ft'e i‘sciuh e » < f the b>pot»'*csi m r’ cnostry. 

3 Stale and t xpl nil with illii«.tratior», A\.gadr hypothesis, 
Sho V how It explains Gav I.u sac's I iw of gaseous volume. How 
wou*d you prove with thi hypothesis that if the vapor denc’ty 
of n substance be 22 0, its m li ulai weight would be 44 0 ? 

4 What led to the adoption of Avogadro's hypothesis ? 

Show how this hypothesis modifies Dalton's atomic theory, 

5. *‘Equal volumes of all gases at the same temperature and 
'pressure contain the same number of atoms." Show that this 
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conclusion of Berzelius was not in accordance witii the experimental 
results. How and by whom, the above statement was corrected ? 

6. State and explain— A vogadro's hypothesis. Why is the 
hypothesis called a law What aie the important deductions made 
from It Discuss two of the deductions m detail. 

7. An element produces several gaseous and volatile com- 
pounds What should be the usual procedure of determining its 
approximate atomic eight? What definition of atomic weight 
does the procedure provide 

8 Write notes on : (a) Avogadro^ hypothesis and Avogadro's 
number (A) Atom and molecule (c) Gram-molecule and gram- 
atom (d) Molecular weight and molar volume 

9 Prove : (a) Molecules of hydrogen and oxygen are diatomic 
(6) One gm-molecule of 'iny gas contains the same number of 
molecules (c) The molecular weight of a gas is twice its vap ur 
density, (d) Density and vapour density have different meanings, 
(c) Av^gadro’s hypothesis txpUui Gav Lussac s law af gaseous 
volumes, /) Avogadr"»'s hyp thesis modifies Dalton's atomic 
theory 

Determine the molecular formul'^e of the gases from the 
giveh observations ^a) Chemical combin ition of viduraes of 
hydrogen and 1 volume of o\yg \ produce^ 2 volumes of steam 
Vapaur density of stecun s 9 0, (h) mi dioxic^e contum* it? 
own volume of o/sgen, vapour density of sulphur di oxide 
being 32 0, (c) Carbon ni)n"‘’<ide c ntiinj> h ilf its volume of 
oxygen it being give n th it tl e re’dtiv** der* ity of caioon mo loKidc 
is 14, (d) Two VC lumes ot nil''i< oxulc contim ou^ volume of 
oxygen The \ap ; r den il/ of ndne oxide is 15 

11 Explain the dilference bet \e*n tne weight of i molecule of 
oxygen ano m Jeci 1 r weight i oxvgen Wnal do you understand 
by (fl) grim in let ul ir weight urd {b) gruni ^ a ileci I i \ol ime 
of oxygen Give the values t '' cn -noIecuLi weights and gm 
molecular \olun <f (tr; Cubon '’i-n\idc, ('») Ch'orine, (r) 
Hydrogen 

II 

1 (a) Calculate the molev ilar weight of a gas one litre ol 

which at N, T P weighs 17 gms. [Ans. 71) 

{h) 3 2 gms of sulphur di-oxide gas at N r P occupy a volume 
of 1120 c c What i® the rpolccular v eight of the gas ? [Am 64] 

(c) The volume of 1 gm of a N T P is 500 c c What 

is the molecular welt,*'! c 1 the gas ' [Ans 44 8] 

2 The molecular weight cf a gas IS 44 Find out the density 

(gm/litre) of the gas. [Ans, 1*98 gms/litre] 

3. Calculate the weight of 20 litres of carbon idi-oxidc at O’C 
and 76 cm. Hg. 
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4. Whal is tbe volume of I gm. of hydrogen at N, T. P. and" 

how many molecules of hydrogen are present in 1 litre of the gas* 
in this condition ? [Ans, Wl litres ; 2 68x 10*^) 

5. 0' 1 022 gm. of a substance, when vaporised, occupies 49'84 
c.c. at S. T. P. Find the gm-molecular weight of the substance. 

[Arts, 45*92 gmsj 

6. 1 1 gms. of an oxide of nitrogen gave 5*6 litres of nitrogen. 
15 gms. of another oxide of nitrogen gave the same volume of 
nitrogen. (Volume was measured at S. T. P ) Show that these 
results are in accordance with tbe law of multiple propo! lions. 

7 Calculate the weight of 20 litres of carbon monoxide at O^’C 
and 722 mm. pressure. 

0 034 gm. of a gas occupies 30 c.c. at 27 C and 760 mm. 
pressure. Find out the molecular weight of the gas. [Ans, 27*89] 

One litre of a gas weighs 1*215 gms. at 27"C and 780 mm. 
presiaiire. Calculate the molecular weight of the gas [Ans 29*13] 

'ulO. How many gram-molecules of a gas are present in 0 476 
litre of the gas at 120'C and 8/*3 cm pressuie ? Calculate also the 
number of molecules the gas contains under tnese conditions. 

0 017, 1 02X10“J. 

(N. B. In solving the problems 7, 8, 9, 10, the students will be 
required to apply the equation of state discussed in chapter 8 of this 
book ] 

11 Calculate tbe number of moiecuks of ox>gcn n> 1 c.c. of 
the Pis at N. T. P What aie the mokciilar wei§:ht »^nd actual 
weight of one molecule of oxygen ? 

12 (a) Which mole is heavier and why — oiiC moie of sodium 

or ODO mole of oxygen gas ? [Ans One mole ut oxygen gas] 

{b) How many atoms arc there in 0 635 ijn of copper ? 

\Ans. 6 023X10^*1 

(t; How many gm-atoms of hydrogeii aie present in 8*5 gms. 
of ammonia ? 

{d; How many atom' of oxygen are present in 0-90 gm. of 
water \Ans. 3 01 1 5 x 10® *] 

(e) How many molecules of water are present in a drop of 
water weighing 0 05 gram ? [W. B H. S. (Voc) 1978) 

if) What mass of copper contains ten times as many atoms 
as 4g of carbon ? 

(h) A mixture of hydiogen and oxygcii contains 20% by 

weight ot hydrogen. Wha the total numbei of molecules present 
per gram of the mixture ? [W. B. H. S. 1982 Ans, 6602 x 10*®} 

^ (/) Prove that one g am of nitrogen and one giam of carbon 
monoxide will contain veiy nearly the same number of molecules. 

IW. B H. S. 19791 

13. (a) Which of the following has the largcnt number of atoms: 

(i) 0*50 gm-atom of copper, {ii) 1*0x10*® atoms of copper 

(ill) 0 635 gm. of copper. 0*50 gm atom of copper]^ 
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{b) Whic of tbe following has the smallest number of molecules : 

(0 |,1'2 litres of SO* gas at N. T. P. (ii) 1 gm-molecule of SOg 
gas, (/tj)"! X 10^** molecules of SOg gas. [Arts. 1 x 10*® molecules] 

Prove that 1 gm. of hydrogen contains greater number of 
cules than 1 gm. of carbon dioxiue. 

14. The volume occupied by a molecule of w^ter has been 
calculate to be 2 9^x10**® ml The atom i>f oxygen in this 
molec^ occupies about half of the above vohirae. What is the 
apprgrximate diameter of an oxygen atom [Arts. 3 056 X 10“® cm.] 

15. A compound on analysis gave 0 062 per cent phosphorus, 
'each molecule IS assumed to contain one atom of phosphorus, 

what is the molecular weight of I’lc couipound ? [4/2S 50,000] 

16 /Oq 3 atrm of ai eltmcnt X’ weighs 6 644/ I0“**gra. 
Cal(^dte the number of gm-atoms n 40 kg. of it. [Ans. 1000] 

17. Complete the following table : 


Eleuient 

Mas^lgm, 

Nwubcr of 

Number oj 1 



mok \ 

particles j 

Sodium 

92 


« 

]r( 11 



2 i.10 ’ 

Sl!V5I 


5 

1 

Copp:T 

2 04 


t 

1 

Carbon 

Hydrogen (H ) 

02 

6 lO-® 

1 

1 

Sulphuiic ncid 



6 02'vlO* 1 

Water 

0 4 
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CHAPTER 4 : Symbol, Formula Valency and Equation. 

I 

1 Symbol, formula and cheirical cquat.on b'lve both quali- 
tative and qua ititalive significmce. J isnfy iho statement with 
suitable examples. 

2. Define and illustrate : fa) Symbol, (fe) Formul , (c) Valency, 
(d) Radical, (e) Chemical equation, (/) Empirical formula and 
tnolecular formula. 

What is the difference between molecular weight and formula 
weight ? 




3. What is valency ? Mention one metal and one nonmetat 
having more than one kind of valency. Give also the formulae of 
their oxides and chlorides. 

4. (o) What is meant by the term valency ? The valency of 
hydrogen is taken as the standard in determing the valency of 
other elements — why ? 

Is it possible to determine the v.iicncy of aluminium from the 
following equation ? 

2A1 + 3HaSO, - AU(SOJa + 3H, 

(c) The formula of phosphoiic acid is II3P04. If the formula 
of the chloride of a metal (Ml be MClg, what is the formula of the 
phosphate of this metal 7 

5. What is meant by a chemical equation ? State its significance 
and limitations. 

6. What inf^-rmation regarding the chemical reactions can you 
get from the following chemical equal<ons ? 

(a) 2H2+0,=2H,0 (h) Cl-0,-C0, 

(c) CaC0s+2HCl-=CaCl2-l“C03-fH,0 

(d) Mg+H,S04 = MgS04+H. (e) CaCO^-CaO-bCO, 

Comment on : A chemical equation does not give all informa- 
tion needed for a chemical reaction. 

7. Why is it necessary to balance a chemical equation ? Balance 
the foMowing equations : 

(a) Ca(OTT), ^UCl->CaC]^+V,0 

(b) FeCJ3 4-SnCl3->FeCL-hSnCl4 

(c) Al30«+H,S04->Al,(S0*^3^H,0 
{d} HNOa+H.S^NO+S-fHaO 

ie) Fe+H,0-^^Fe304+H, 

if) Na^Oa+H.O-^NaOH+H^O^ 

(g) MnO^ + HCl->MnC + Cl, + II 

8. Give the correct equations of the following reactions. 

(fl) Phosphorus on being heated with oxygen produces phos- 
phorus peatoxide, (b) Aluminium oxide reacts with sulphuric acid 
producing aluminium sulphate and water, {c) Under suitable 
conditions, sulphur di-oxide combines with oxygen to form sulphur 
trioxidc, (d) Magnesium when burnt in nitrogen gives magnesium 
nitride which reacts with water giving magnesium hydroxide aad 
ammonia, (<?) Iron and sulphur on being heated produces ferrous 
sulphide. (/) Calcium decomposes water giving calcium hydroxide 
and hydrogen, (g) Ammonia and hydrogen chloride interact to - 
form ammonium chloride, (h) When iron powder is added to a 
solution of copper sulphate, copper is precipitated and ferrous. 
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sulphate is formed in solution, (i) When stannous chloride 
^jiution is added to a solution of ferric chloride^ ferrous chloride 
and stannic chloride are formed, (j) Potassium chlorate on heating 
gives potassium chloride and oxygen. 

9« What are understood by ‘empirical formula' and ‘molecular 
formula* ? What is the relation between them 7 In which case, 
do both the formulae become identical ? Explain with suitable 
examples. 

10 (n) “The relative density of sulphur dioxide is 32*' — ^What 
does the statement mean ? What will be the relative density of 
sulphur dioxide when that of oxygen is taken as unity ? 

(b) Calculate to show that carbon dioxide is heavier than air. 

(c) How many times is carbon dioxide heavier than equal 
volume of ammonia measured at the same temperature and 
pressure ? Why is the identicality of temperature and pressure 
essential in the above case ? 

11. Indicate whether the following statements are true or false. 
Justify your answer. 

(a) Empirical and molecular formulae are never the same. 

(A) 27 gms. of aluminium react completely with 24 gms. of 
oxygen. 

(c) Mg represents the name of the element magnesium only. 


II 

1. (a) C+2H,SO, = COo+2H,0+2SO, 

WitMne help of the abov« equation, calculate the amount of 
carbofi^ioxide in grams formed from 19 gms. of sulphuric acid. 

10 gms. of sulphur when burnt in 10 gms. of ox>geu yield 
20 ^ms. of sulphur dioxide. Can we get 20 gms. of carbon dioxide 
by burning 10 gms. of carbon in 10 gms. of oxygen 

(c) 1*60 g. of the oxide of a metal gave 1*28 g. of the metal M 
(M=64) when reduced in hydrogen. Deduce from the data the 
formula of the oxide and write the equation for the reduction 
(0=16). 

(d) Wheo/t^S g. of metal M(M=65) reacted with excess of hot 
copper sulphate solution, the mass of copper deposited (when 
purified yra dricd)^as 1*92 g. (Cu 64). Show that these figures 
corresmmd to the equation. CuS 04 ,+M->CuH-MS 04 , 

'rind/the minimum weight of iron required to produce 
50^5. op^drogen. [Ans. 10.0 gms.] 

^ulate the weight of iron which will be converted into 
oxiden>]^e action of 18 gms. of steam. [Ans. 42 gms.] 

4. yrind the weight of calcium nitrate formed by treating 60 gms. 
4 >fy$a)^m oxide with 100 gms. of nitric acid. [Ans. 130*16 gms,] 
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fght of hydrogen will be produced by decomposing 
either by {a) metallic sodium or {b) electrolysis. 

[Ans. 1 gm. ; 2 gms.) 
fihges in weight will be observed on heating sufficiently 
i of (i) Hg (ii) MgCO« (in) NaHCO, (iv) KNOj 

^amount of silver chloride is formed by the action of 
3dium chloride with excess of silver nitrate solution ? 

(Cb-35 46) lAns, 14*346 gms,} 
8,»Xflow nuKJfi manganese dioxide will be needed for complete 
fraction/df bromine from 47 6 gms of potassium bromide ? 

[Ans. 17'4 gms.] 
the weight of nitric acid which will be required to 
)'6 gms. of lead nitrate from 13*4 gms. of lead carbonate. 

^ [Ans. 15 gms.] 

How much potassium chlorate must be strongly heated to 
yield aSyBduch oxygen as would be obtained from 200 gms. of 
mercijHc oxide ? (K-39, Hg=-200i [Ans. 37 808] 

fl. Find^t the relative weights of potassium calorale and 
irium pcpdxide which will liberate equal amounts of oxygen. (K= 
39, B^^37*36) [Ans. 1 : 4*139] 

15*2S^i!ls. of a mixture « f pota>sium chioiate and manganese 
JToxide wprdneated and 4*8 gms. of oxygen weie liberated. What 
weigh^^edmanganese dioxide was u^ed as catalyst ? [Ans. 3 gms.J 
24 5 gms. of potassium chlorate are heated to produce 
oxygen. Hydrogen IS geneiated by the action of dilute sulphuric 
acid on zinc. What weight of zinc will be required to produce* just 
sufficient hydrogen to combine completely with oxjgen obtained 
from the potassium chlorate 7 [Ans. 39*0 gras.] 

14y" 7*0 gms. of magnesium carbonate were added to double its 
wei^t of dilute sulp .uric acid. After the reaction had ceased, it 
wbarfound that 0*7 gm. remained undissolved. Calculate the 
percentage strength of the acid. [Ans. 52*5%J 

What weight of CaCOs must be decomposed with HCI to 
^leld suffiepnt COg to convert 100 gms. of sodium hydroxide to 
sodium^^^bonate 7 [Ans. 125 gms ] 

How much copper will be obtained when cupric oxide is 
compfetely reduced by hydiugen produced by the action of excess 
of^zme on 10 gras, of sulphuric acid ! [Ans. 6*48] 

17. 10 c.c, of a solulioo f hydrocholoric acid when treated 
withanexc^ of silver nitrate solution give 01435 gm. of silver 
chloride.^^^nd how many grams of HCI are pesent in one litre of 
this sojimon ? M'w. 3 65 gms.] 

20 c.c. of a sample of hydrochloric acid (sp. gr. 1*55) were 
ad&d to 15 gms. of marble. After the reaction was complete, the 
'^ndissolved marble was filtered off, washed, dried and was found to 
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weigh 5 5 gms. Calculate ihe percentage weight of hydrochloric- 
acid in the sample. [Ans. 22*35^1 

19. Calculate the number of molecules present in hydrogen 
liberated by the action ot 1 gm. of nugnesiiim on excess of dilute 
sulphuric acid. 

20. 1 ‘5 gms. of a sample of marble containing some silica as 
impurity v/ere mixed with 3 gms. of sulphuric acid. When all action 
had ceased, 1*575 gms. of the acid were found to remain unreacted. 
Calculate the percentage of CaCO, in the marble. [Ans. 98%1 

21. A mixture contains CaCO<, and CaO. 20 gms. of the 

mixture, when heated, gave 6 6 gms. carbon dioxide. What is 
the percentage of CaCOg in the mixture ? [Ans. 15%] 

22. rO gm. of a sample of aluminium containing some silica 
as impurity gave 0 05 gm. of hydrogen when treated with 
hydrochloric acid. What is the p'‘rcent?ge of aluminium in 
the mixture ? [Ans 45% ] 

23. 12 gms. of a mixture oi potassium chlorate and chloride 
gave on heating 3 8 gras, of oxygen. Find the percentage of potas- 
sium chlorate in the mixture. (K=-39i, Cl=35 5) [Ans 80*8 ‘ } 

24. 3 60 gma. of a mixture of sod'um and potassium chlorides 
give with silver nitrate 7 4 gras of silver chloride. What is the 
percentage of each salt in the mixture ? 

[Ans. NaCl 42 59 . ; kci= 57 41 ) 

25. 5 gms. of a dry mixtuie of sodium cirbonate and sodium 

bicarbonate, on heating lose 0*55 gm. in weight Find how much 
NaaCO^ was present in the mixture. [Ans' 2*9 gms.J 

26. 0*6 gm. of a sample of sodium chloride when treated with 
silver nitrate solution gave 1.37 gms. of silver chloride. Calculate 
the percentage of purity of the sample of sodium chloride. 

[Ans. 93 

27. A mixture of cuprous and cupric oxide was found to con- 

tain 58% copper Calculate the proportion of the two compounds 
in the mixture. [Ans. CujjO=90^'., CuO-= 10%] 

28. 2 5 gms. of a m\ture of copper and cupric oxide on being 
reduced in a current of hydrogen, gave 2*098 gms, of copper. What 
was the percentage of copper in the mixture ? [Ans. Cu=20%J 

29. Sea water containing 2‘64% by weight of common salt has 
a specific gravity of 1*03. Find the amount of sulphuric acid that 
would be required to completely convert the sodium chloride 
obtained from one litre of sea water into sodium sulphate. 

[Ans. 2*277 gms.] 

30. Calculate the weight of MoO a and the volume ofhydro- 

cbloric acid of specific gravity 1*12 containing 40 percent HCl by 
weight* needed to prepare 1*78 litres of chlorine at S.T.P. (Mna 
54*9 ; Cl«^35*5) [Ans. 6*903 gm. MnO. ; 25*91 ml.HClJ, 
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31* 1*48 gms of a mixture of calcium carbonate and magnesium 

carbonate gave on ignition 0*96 gm. of constant weight residue* 
What is the percentage composition of the mixture ? 

[Ans. CaCOs*54 35%, MgCOa«45 65%] 


32 0 9031 gm of admixture of sodium chloride and potassium 

chloride on treatment with sulphuric acid yields 1 0784 gms. of a 
mixture of sodium sulphate and potassium sulphate. Calculate the 
percentage of sodium chloride and potassium chloride in the 
mixture. [Ans. NaCl=58 1% ; KCI = 41-9%1 

33 £^al weights of mercury and iodine are allowed to react 
completely to form a mixture of mercurous and mercuric iodides. 
Calcujacie the ratio of the weiidits of mercurous and mercuric iodides 

[Ans. Mercurous : Mercuric=i*936;l} 
Icufate the weight of potassium chlorate which on heating 
I 2*73 litres of oxygen at N.T.P. [Ans. 9*9531 ^.J 
low many grams of ammonium chloride would be required 
^are 10 litres of ammonia at O^C and 760 mm. pressure ? 

Calculate the weight and volume of oxygen produced by 
lectrolysis of 18 gms. of water* [Ans, 16 gms» 11*2 litres} 

37. What volume of sulphur dioxide would you get at O^C and 
760 mm pressure by burning hydrogen sulphide obtained from 
1 1 gms of ferrous sulphide ? [<4n5. 2*8 litres] 



38. Calculate the volume of a solution of sulphuric acid of 
density 1 '8 and containing 89% of the pure acid* that would be 
required to make 2000 c.c. of sulphur dioxide at N.T.P. by acting 


on sodium sulphite. 5*462 c.c.} 

39. 100 c.c. of methane at 27''C and 750 ram. pressure were 
exploded with an excess of oxygen. Determine the weight of water 
and the volume of carbon dioxide formed at N.T.P. 

[Ans. wt of HaO=0 1443 gm ; vol of COg^SP 8cc } 

40. What volume of nitric acid (sp gr. 1*46) containing 60% 

of the acid by weight will react with 10 gms. of cupric oxide ? 
(Cu = 63*5) [Ans. 18 09-ccl 

41. A sample of marble contains some silica as impurity. 

2.0 gms. of the sample on being heated give 433*6 cc. of carbon 
dioxide at N.T.P. Calculate the percentage of CaCOg in the 
marble. [Ans. 96*8%} 

42. 1 gm of iron is converted into ferric chloride and the 
product is dissolved in water* What volume of HgS at N. T. P. 
will be theoretically required to reduce completely the ferric 
chloride to ferrous chloride ? 


43. 1 litre of oxygen at N.T*P, is allowed to react witb 2 littes 

of carbon monoxide under the identical conditions. Calculate die 
weight of carbon dioxin fonned. gii|g.] 

44. Aeomaitoriiy4rQfMiisp8HedovercDpric oxiife 
II-16 
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in a InifD. Calculate the volume of hydorgen at N T.P. required for 
tlto i^uction of 0*8 gm. of the oxide. [Ans 0 2 252 litre] 

Determine the volume of carbon dioxide formed at NT P. 
by burning acetylene produced from 48 gms. of calcium carbide 

[Ans. 3i 6 litres] 


46. 1 gm. of a mixture of sodium carbonate and bicarbonate 
in equal proportions by weight is ignited until there is no more loss 
in weight. What volume of carbon dioxide is evolved at N.T.P. ? 

[Ans. 66 67 c c.l 

47. What weight of potassium chlorate, on being heated, will 
yield oxygen just sufficient for the complete combustion of 1520 c.c. 
of a mixture of 20% CH4 and 80* o CO at 27‘’C and 760 mrn. ? 


48. A balloon of 1000 litres capacity is to be filled with hydro* 
gen at 27''C and 750 mm. pressure. Calculate the minimum 
quantity of iron required to liberate the necessary amount of 
hydrogen. (Fc=56). [Ans 2245 05 gms.J 


49. Calculate the weights of manganese di-oxiJe needed to 
prepare 10 litres of chlorine at N.T.P. and at 27 C and 7^0 ram. 
pressure by its reaction with excess of hydrochloric acid. 

[Ans. 388 34 gms ; 347 56 gms] 

50. Air contains 23 per cent of its weight of oxygen How 
many grams of sulphur will be required to burn out^ the oxygen in 
100 litres of air at 30 C and 755 mm. ? (density of air (14 4) 

[Ans 26 68 gms.] 

5t. A sample of potassium chlorate contains a little potassium 
chloride as impurity. Oxygen obtained by heating 13 gms of the 
sample is found to react completely with 7*484 litres of hydrogen at 
27 C and 750 mm. pressure. Calculate the amount of pota'ssium 
chloride present in the mixture. [Ans. 0 75 gm ] 

52. Find out the amount of iron and zinc in the mixture if 
2 33 gms. of the mixture gave 896 ml of hydrogen (at N T.P.) when 
dissolved in an acid. [Ans, Fe=I‘7 gms,. Za=0 63 gms.J 

S calcium carbonate is required to give 

nd 760 mm. pressure ? How much of 
1 to produce the same amount of carbon 
[Ans. CaCOs=2*03 gms., C=0 244 gms.) 
Iver chloride is precipitated when 105 c.c. 
ured at IS'^C and 770 mm pressure are 
solution ? • (H= 1, Ag=108. 0-35 5) 

[Ans. 0*646 gm) 

of carbon monoxide can be obtained 
s of carbon dioxide both measured under 
ftp. and i»essure ? [Ans. 200 litres] 
carbon dioxide will be obtained when 
xide and requisite quantity of oxygen 
[Ans. 100 litres) 
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5^. Find the volume of nitrogen which can be liberated from 
jininooia by 90 c. of chlorine at N.T P. 

57. What volume of air containing 20' « oxygen by volume 
would be required for complete combustion of 5 litres of acetylene 
and what would be the volume of carbon dioxide produced ? (all 
volumes are measured under the same conditions of tempr. and 
presure). 

58. When a silent electric discharge is passed through 25 c c. of 

oxygen, the volume reduces to 20 c c. Find out tbe composition of 
the resulting gas mixture. [Ans. =■ 10 c. c., O^^-IO c.c.] 

59. 25 c.c. of a mixture of gases containing nitrogen and nitric 

oxide are passed over ignited metallic copper and the resultant gas 
collected and is found to occupy 20 c.c. Ascertain the percentage 
composition of the original mixture, gases being measured at the 
same temperature and pressure. [Ans, N ^ NO = 40' >] 

60. What volume of oxygen will be needed to convert 1 litre of 
nitric oxide into nitrogen peroxide under the same conditions of 
temperature and pressure. Calculate the volume of NgO^ formed. 

61. Half a litre of carbon dioxide is passed over red hot 
carbon. Tbe volume becomes 700 c c. Find the composition of 
the product, assuming that all the gases are measured at N.T.P. 

[Ans. COfi— 300 c.c., CO=400 c.c.] 

62. A gas-mixture contains 46 > hydrogen, 40% methane and 
14% ethylene. What volume of air will be needed to oxidise 100 
litres of the gas mixture ? Air is found to contain 21 , of oxygen 
by volume. 

63. 20 c.c. of cthlene at. N.T.P. are exploded with 100 c.c. of 
oxygen at N.T.P. and than the resulting gas mixture is treated with 
KOH solution. What would be the volume at N T.P. of the gas 
mixture obtained at vue end of each of the above two steps ? 

80 c.c ; 40 c c.] 

f4. 80 c c. of carbon mos*oxide are mixed with 30 c c oxygen 
and exploded. If the resulting mixture is shaken \^ith a solution of 
caustic potash, what volume of the gas will remain and what gas 
will it be ? I ins 20 c c. of CO] 

65. 30 c.c. of a mixture of methane and hydrogen were mixed 
with 60 C.C. of oxygen and exploded. On cooling, the volume was 
found to be 52*5 c.c. On introducing KOH, the \olumc was reduced 
to 37 50 c c Find the weight i ♦ i-ach of the gases in the mixture. 
(All volumes were measured at the same temperature and prersurc). 

[Ans. CH*-0 0108 gm., Ha«0 00135 gm.J 

66. 10 c c. of a mixture of methane, carbon monoxide and 

nitrogen exploded with excess of oxygen gave a cootraolion of 
6*5 c.c. There was a further contraction of 7 c c. when the residual 
gas was treated with caustic potash. What was the composition of 
the original mixture ? CH 4 = 2 c.c. ; CO-5 c c. : N^-wB ex.j 
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67. 10 c.c. of a mixture of methane, ethylene and carbon 
dioxide were exploded with excess of air. After explosion, there 
was a contraction of 17 c.c. and after treatment with KOH, there 
was a further reduction of 14 c c. What was the composition of 
the mixture. [Arts, CH4=4’5 c.c. ; C2H4-=4 c.c. ; COa—rS c.c.J 

68. 100 c c. of a mixture of carbon monoxide, methane and 
hydrogen were mixed with 300 c c. of oxygen and fired. After 
cooling, the resulting gases occupied 285 c c. and after absorption 
by potash 205 c.c. of oxygen remained. Determine the composition 
of the mixture. All the gases measured at the same temperature 
and pressure. \Ans. CO = 50 c.c. • CH^ =30 c c. ; Ha=»20 c.c.} 

69. 100 c.c. of water gas containing some carbon dioxide were 
exploded with 100 c.c. of oxygen and the volume after explosion 
was 100 c.c. On introducing NaOH. the volume was reduced to 
52*5 c.c. Find the percentage composition of the mixture. 

[Ans CO=42*5 c.c ; — 52*5 c c. : C02=5 c.c.J 

70. 20 c.c. of ammonia gas was enclosed in a eudiometer tube 
and exploded. The volume after explosion was 40 c c. To this 
45 c.c. of oxygen was added and the mixture again exploded. On 
cooling, the volume of the residual gases was found to be 40 c.c. 
Calculate the formula of ammonia from the above combustion data. 

71. 10 c c, of nitrous oxide were taken in a eudiometer tube 

and mixed with hydrogen. The volume after addition of hydrogen 
was 28 c.c. The mixture when exploded occupied 18 dJc. Then, by 
adding oxygen, the volume was raised to 27 c.c. and the mixture 
was again exploded. The volume after the second explosion was 
found to be 15 c.c. Fipd the formula of nitrous oxide from the 
data given. All volumes are taken at N.T.P. [Am, NgO] 

72. 20 c.c. of a gaseous hydrocarbon were exploded with 66 c.c. 

of oxygen. The residual gases after cooling occupied 56 c.c. On 
treatment with KOH, the xolume decreased to 16 c.c. What is the 
formula of the hydrocarbon ? [Ans, CgH^] 

73. 10 c.c. of a gaseous hydrocarbon arc exploded with 250 c.c. 
of carbon dioxide-free oxygen. A contraction of 40 c.c. was 
observed. On absorbing in KOH, the volume of CO^ is found to 
be 40 c.c What is the molecular formula of the hydrocarbon ? 

74. 12 c.c. of a gaseous hydrocarbon were mixed with 90 c.c. 
of oxygen and the mixture was exploded in a eudiometer ; after 
explosition, the volume of the mixtuie was 72 c.c. and on adding 
KOH, 36 c.c. of it disappeared leaving only oxygen. What was 
the gas ? 

75. 50 vols of a gas mixed with 70 vols of oxygen give after 

explosion 50 vols of carbondioxidc and after absorption by KOH, 
explosion 50 voles of carbondioxide and after absorption by KOH, 
45 vols of oxygen are left. What is the gas ? [Ans. CO] 

76. 15 c.c. of a gaseous hydrocarbon for its complete com- 
bustion require 357 c.c. of air containing 21% oxygen by volume. 
Tbc volume of resulting gas mixture is 327 c.c. (all valumes are 
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measured at the same conditions of temperature and pressure) 
Determine the molecular formula of the hydrocarbon. Neglect the 
volume of water formed. [Ans. CuHs] 

77. 12c.c. of a gaseous hydrocarbon when exploded with 

excess of oxygen underwent a contraction of 24 c.c. and on being 
treated with KOH, a further contraction of 12 c.c occurred. What 
is the formula of hydrocarbon ? [Am CH 4 j 

78. 12 c.c of gaseous hydrocarbon is exploded with excess of 

oxygen. The c.>ntraction observed is 30 c.c. When the residual 
gas IS treated with KOH, theie is a contraction of 24 c c. What is 
the formula of the hydrocarbon ? [Arts, 

79. 12 c.c. of a gaseous hydrocarbon were mixed with 90 c.c. 
of oxygen and exploded. After explosion, the volume was 72 c.c, 
and after tieatment with KOH, it was 36 c c. (Found to be oxygen). 
What is the molecular formula of the hydrocarbon ? [Ans, C- 5 H^] 

80. A gaseous hydrocarbon on combustion gives its own 
volume of caibon di-o\ide What is the molecular formula of the 
hydrocorbon if its density be 14 

81. 20 c c. of a gaseous hydrocarbon are exploded with oxygen 

avoiding e\cess On conlmg. the volume contracts by 60 c.c. The 
density of the hydrocarbon is 22. Find out the formula of the 
nydrocaibm [Ans, C^H^] 

'^2 10 c.c. of a gaseous hydrocarbon are exploded with 25 c.c. 

of oxygen. The miMure contracts to 15 c.c. On adding KOH. a 
forthcr contraction of 10 c.c, takes place and the residue is pure 
oxygen. What the formula of the hyaiocarbon if its density 
be <S [Ans. CH J 

83. (fl) The molecular formula of an organic compound is 
C^HgOoNBrS Find its percentage composition. 

(/y) 1*27^^ gm^. of an organic compound containing carbon, 

hydrogen, oxygen and nitrogen gave l‘o0 gms. of carbon di-o\ide 
and 0 77 gm of \\aiei on combustion. 

\naJ>tcal result that 08i2^ gm. of the compound 

contains O' 108 gm of nitrogen. What is the empirical formula of 
the compound [Ans, CsH^OsN] 

(c) \ molecule of sulphur dioxide ontains one atom of 

!>ulphur and two at'^ms oxygen. The compound c Mitams 50®o 
sulphur by weight What is the ratio of the atomic eights of 
sulphur and oxygen. 

(W.B H.S 1979 ) — At. wt. of S : At. wt. of oxygen ~2 : I ] 

84. \n oigaaic compyund contains carbon, hydrogen, oxygen 
and nitrogen. 0'P5 am. of this ga»e on complete combustion 
0'i98 gm. of CO.^ and 0 108 gra. of water. The same we»gbt of the 
compound 01 anylysis yielded 16*8 c.c. of nitrogen at N, T. P, 
Deduce the empirical formula of the compound. [Ans C,HbNO|J 
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a gaseous compound of carbon and nitrogen containing 
ce^ by weight of nitrogen was found to have a vapour 
V^ensijiy o^5S. What is the molecular formula of the compound ? 

^ / / [An^ CgN^l 

\)^^y A compound of carbon, hydrogen and oxygen contains 
\46^^/arbom;6^6% hydrogen and the rest is oxygen. Molecular 
wei^t^Jm compound is 60. Find the empirical and molecular 
formula^ the compound. [Ans. CH^O ; C2H40») 

\ ^yA compound of carbon, hydrogen and nitrogen contains 
ftjpe^lements in the respective ratio of 9 : 1 : 35 grams Calculate 
is^mpirical^rmula if its molecular weight be 108. Whar is the 
mol^culapTormula [4/?^ CSH4N ; CftHgNal 

Analytical result of an organic compound is atated below : 
NT^^rbon -> 40^5 ; hydrogen ->■ 8*55% and nitrogen 23 7 ^ 

^>vkpour de^ity of the compound is 29*5. Find out the empirical 
formula aim molecular formula of tde compound- 
^ f/4//5 both CyHi^NOJ 

\J\3^ The empirical formula of a compound is CH^O and its 
Vapour dan^y is 45. What is the molecular formula of the 
.coBD^und^ 

VyWr^A gaseous hydrocarbon contains 85‘62% carbon and 14 38';^ 
hydrogen. Density of the hxdrocarbon is 1*26 gras /litre. Determine 
its i^ecutap4brmula. 

(V ^1. ^Acompound gave on analysis the following results : 


(V compound gave on analysis the following results : 

59%, 0 = 76 09‘ and N=22*32‘ , 333 4 ml c f the vapour 
of tlU5 cMl^ound weigh 0*939 gm. at N T P. Derermine the mole- 
culaut,fetnnula of the bompound. [ 4ns HNO3] 

v^92. An element E forms two gaseous hydrides A ur.d B which 
contain 75 and 80 per cent of F and have densities of 8 and 15 
respectively. Given that A contains only (;ne atom of E in its 
molecul^Acaiculatc the atomic weight of E and the founulae of A 
and B. {Ans, 12, A->EH| 

93. ^^367 gms. of an organic compound containing caibon, 

hydrog^and oxygen only, yielded on complete combustion 3*002 
gms. of carbon di-o\ide and 1*640 gms o1 water. What is the 
empirical formula of the compound ? [Ans. CgHpOgJ 

94. 0*2012 gm. of an organic compound containing carbon, 

hydrogen and oxygen when heated strongly with excess of cupric 
oxide gave 0*4431 gm. of caabon di-ovde and 0*1462 gm. of water. 
The molecular weight of the compound was found to be 100. What 
is its molecular formula ? CgHsOa] 


95. A compound contains lO OSVi carbon, 0 84^ hydrogen and 
89*1% chlorine. Its density in the gaseous state at I50‘’C and 
760 m.m. pressure is 3*43 gms./lilre. What are its empirical formula 
and molecular formulae ? 
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96. Carbohydrates are compounds containing only carbon, 
hydrogen and oxygen having the atomic ratio of H : 0 as 2:1 
When heated in the absence of air, these compounds decompose to 
form carbon and water : 

(n) If 310 gms. of a carbohydrate leave a residue of 124 gm. of 
carbon on beating in absence of air, what is the empirical formula 
of the carbohydrate ? [Ans. C(H.O)l 

{b) If 0 0833 mole of the carbohydrate contains 1*00 gm. 
h>drc gen. What is the molecular formula of the carbohydrate ? 

[Ans. CnHiaOJ 

97. 0 9 gm. of a solid organic compound (molecular weight 90) 
contdining carbon, hydrogen and oxygen, was heated with oxygen 
corresponding to a volume of 224 ml at S.T.P. After combustion, 
the to*al volume of the gases was f 60 ml at S T.P. On treatment 
with potastiium hydroxide, the volume decreased to 112 mi. 
Determine the molecular formula of the compound [Ans. CaHg 04 ) 

98 Carbon combines with hydrogen to form three compounds 
A. B and C The percentages of hydrogen in A, B and C are 25 
14*3 and 7*7 respectively. 

(/) Find the empirical formulae of the compounds. (i7) What 
law of chemical combination does this example illustrate ? 

[Ans. (0 CH 4 , CH 3 , CH ; law of multiple proportions] 


CHAP PER 5 Equivalent Weight 

I 

1 . What are meant by equivalent weight and gram equivalent 

an element ? ‘‘Equivalent weight of an element may vary^ — 

Discuss. Describe one method for the determination of the equiva- 
lent weight of copper. How would you calculate the equivalent 
weight from the expeiimentai data ? 

2 . Giv 6 a brief account of the different methods applied for the 
determination of the equivalent weight of elements. Describe in 
detail any of the two methods you have mentioned. 

3. How is the equivalent weight of an element related to its 
atomic weight ? State the condition under which they have the 
same value? Give two illustrations Which of the following of 
an element must be a whole number ? 

(i) Equivalent weight (i7) Valency (Hi) Atomic weight. 

4 . (a) *The equivalent weight of an element depends on the 
reaction it undergoes.'* — Explain the statement with reference to 
the following pair of reactions. 

(0 Fe+ 2 HCI-FcCf 3 +H 3 (ii) 2Fe+3Cl3=2FcCls 
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(b) Why does the equivalent weight of some elements not 
remain the same in all their reactions ? 

5. Describe the experimental procedures for the determination 
of equivalent weight of oxygen and carbon. 

6. How is the equivalent weight of zinc determined by the 
displacement of hydrogen from an acid ? How is the equivalent 
weight calculated from the experiment data ? State why this method 
is not applicable in determining the equivalent weights of sodium 
and copper. 

7. Explain why m the determination of equivalent weight of 
zinc. 

(a) the weight of zinc taken should be between 0 08 gm. and 
010 gm. 

{b) the procedure is not carried out in a Woulfe’s bottle. 

(r) an inverted funnel is used to cover the watch-glass contain- 
ing the p ece of zinc. 

(d) excess of sulphuric acid is used for its reaction with zinc. 

(e) a few drops of CuSO^ solution are required to be added 
before the start of hydrogen displacement. 

(/) addition of sufficient quantity of CuSO^ i> not justifiable 

(g) the volume of hydrogen collected in the eudiometer is read 
only after shifting the eudiometer a tall lar containing vwater. 

(A) barometer and thermometci readings are taken ^ac the time 
of noting the volume of hydrogen displaced. 

(i) aqueous tension corresponding to the thermo meter- reading 
has to be noted. 

8. {a) Describe a method based on the addition of oxygen for 
determining the equivalent weight of an element. 

{b) Describe a method based on removal of oxygen for deter- 
mining the equivalent weight of an element. 

9. Discuss in brief the methods of determination of the 
equivalent weight of sodium and silver. 

10 Describe briefly the method of determining the equivalent 
weight of coppei starting from pure metallic copper. 

11. What do you mean by the terms {a) atomic weight and 
{b) gram-atomic weight 7 Explain the statement ‘‘The atomic 
weight of nitrogen is 14 00”. How is the exact atomic weight of 
an element determined ? 

12. Given the atomic weight of chloiine, how can the atomic 
weight of silver be determined experimentally. 

13. State Dulong and Petit^s law and show how with the help 
of this la w the atomic weight of an element can he determined. 
State the limitations of this process. 
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14. What are isomorphous substances ? State MitscherHch’s 
law of isomorphism. How would you determine the atomic weight 
of an element by this law ? 

Describe the tests that may be employed to ascertain if two 
salts are isomorphous 

15. (n) Explain what is meant by (i) the equivalent weight of 
aluminium is 8 99 (ii) atomic weight of aluminium is 26*97. 

Name the element whose equivalent weight is 12. What are the 
other informations necessary to determine its atomic weight ? 

(b) The atomic weight of an element is 24. One atom of the 
element combines with two atoms of chlorine. What is the 
equivalent weight of the element ? 

16. The equivalent weights of zinc, copper and silver are deter- 
mined by the hydrogen displacement, oxide formation and chloride 
formation methods respectively. Explain why different methods 
are applied in cases of these three metals. 

17. Indicate whether the following statements are true or false. 
Justify your answer, 

(/) Equivalent weight of an element is always the same. 

(i7) Valency of an element must always be denoted by a whole 
number. 

(lii) The method of hydrogen displacement from an acid cannot 
be applied in the case of determination of equivalent weight of 
copper 

iv) Two substances having the same crystdlline form dre 
isomorphous 



II 

The oxide of a metal contains 71*4 of the metal. What is 
the eqipvalent weight of the metal. [/l/w. i'/^7] 

0 108 gm. of a metal when dissolved in dilute sulphuric a^id 
evolves ICO ml. of dry hydrogen at N T P. Calculate the equivalent 
weight of the metal. {Ans. 12*096] 

x/3. Find out the volume of hydrogen produced at N.T.P. by the 
action of dil. sulphuric acid on )*45gms. of a metal. The 
equivalent weight of the metal is 9. 1*819 litres] 

4. Find the equivalent weights ot copper and oxygen from the 
data given. Dry hydrogen is passed over 1 58 gms. ot heated cupric 
oxide. The water formed weighs 0*36 gm. and the copper left after 
the experiment is 1*26 gms. \Ans, Cu -31*5 ; 0=^ 8] 


Pure and dry hydrogen was passed over excess of strongly 
heated cupric oxide The oxide lost 1 *5938 gms. in weight and 
i*79462gms. of water were formed. Calculate the equivalent 
weight of oxygen. [Ans, 8] 
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6. 0*3975 gm. of copper oxide was heated ia a current of purer 
nd dry hydrogen tilt completey reduced and the gaseous product 
was passed through a tube containing fused calcium chloride pre> 
viously weighed. The gain in weight of the latter was 0 09 gm. 
Calculate the equivalent weight of copper. [Ans. 31 ’7S] 

0 6842 gm. of copper was dissolved in nitric acid and the 
solution was carefully evaporated to dryness When the solid 
residue was strongly heated, 0 8567 gm. of cupric oxide was 

7 duced. Calculate the equivalent weight of copper. 

8, 1*0813 gms. of iron gave 3 1439 gms. of ferric chloride. 
Calculate the equivalent weight of iron in this compound. Find the 
valencv of iron in ferric chloride (Eq wl. of chlorinc=35*5 ; At. 
wt. of iron* 55*85) [Ans 3] 

x /9 1*73 gms. of cupric sulphide contain 1*15 gms. of copper. 

Hydrogen sulphide contains 94*1 V sulphur. Find out the weight 
of ct^per. [Ans. 31*871 

vKT 0 1827 gm. of the chloride of a metal can be quantitatively 
con\erted into 0*1057 gm. of its oxide. Calculate the equivalent 
weight of the metal. (Cl~35*5) [Ans, 29 74} 

1 1. The equivalent weight of sodium is 23 and that of chlorine 
i<r35 46. What is the percentage of sodium in sodium chloride ? 

[Ans. 39 34%i 

12 1*5276 gms. of CdCI^ contain 0*9376 gm. of cadmium. 

Qnculate the atomic weight oi cadmium [Ans. 112*52] 

A3, The oxide of a solid metallic element contains 65 2 of the 
eluent. Its atomic weight is 45. What is the valency of the 
element [An\ 3] 

>,14, If a solid element burns in oxygen without any change in 
Volume (of gas) under the same conditions of temperature and 
pressure and if the pure gaseous product has a density of 32, what 
is the equivalent weight of the element [Ans 8] 

^ 15. What weight of a metal of equivalent weight 12 will liberate 
525 c.c. of dry hydrogen at 15 C and 750 mm. pressure ? 

[At N.T.P. 1 litre of hydrogen weighs 0*09 gra } 

/ 16. 2 87 gras, of silver chloride are obtained from 1*49 gms of 
potassium chloride. Calculate the equivalent weight of potassium. 

[Ans. 390J 

y 17. 0*1903 gm of a metal carbonate on being reacted with dilute 
'^sulphuric acid gives 0*2589 gm. of anhydrous metal sulphate. What 
is the equivalent weight of the metal. [Ans. 20*04] 

yl8, 0*5395 gm. of a metallic element yields 0*7175 gm of its 
qJMoride. The specific heat of the element is 0*059. Calculate the 
exact atomic weight of the element [Ans, )07 6] 

19 (a) The equivalent weight of an element is 18*6. and its 
specific beat is 0124. What is the valency of the element?' 
Determine the exact atomic weight of the element. 
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(b) A sample of a metal oxide weighing 6*500 gms. is decomposed 
quantitatively to give 6 251 gms. of the metal. The specific heat 
of the metal is 0 0332 cal/g. Calculate the exact atomic weight of 
the metal and the empirical formula of the oxide. 

[Arts. 200*8 ; M*01 

20. The relative density of the chloride of an element is 59. 

The chloride contains 9 23 per cent of the element. Find the 
atomic weight of the element. [i4ns. 10*81 5J 

21. The oxide of an element contains 53*3''i of oxygen. The 

molecular weight of the chloride of the element is 170. Find the 
valency and atomic weight of the element. [Ans. 4 ; 28*04} 

2:2. A metal M forms a volatile chloride containing 80% of 
chlorine. The vapour density of the chloride is 66 75. Calculate 
exact atomic weight of the element. [Ans. 26 625] 

One gram of the chloride of an element was found to 
irontain 0*835 gm. of chlorine. Its vapour density was 85. Find out 
its molecular formula. 

^ [Ans. MCI4 where M -symbol of the element] 

"24. The equivalent weight of an element is 4. It forms a 
chloride whose vapour density is 59 25; Calculate the atomic 
weight and valency of the element. 

25. The chloiide of an element contains 58 65 /0 of chlorine. The 
vapour density of the chloride is 91 times as heavy as an equal 
volume of hydrogen at N T P. Find the equivalent weight, atomic 
weight and valency of the element. [Arts. 25, 75, 3] 

\ metallic chloride contains 54*42‘ chlorine, TAt. wt, of 
chlorine is 35*5). The vapour density of the chloride is 8 16 (0—1). 
What IS the equivalent weight of the metal ? Write down the 
formula of the chloride 

^"2*". 0 125 gm. of ihe chlv>ridc of the metal contains 0 054 gm. 
of the metal. The specific heat of the metal is 0*281. Calculate 
its at'milc weight. (At. wt of chlorine is 35 5). [Ans. 27] 

1&P The vapour density of a metallic chloride in the vaporous 
state >> 06 8. One giam of the chloride with excess of silver nitrate 
gave 3 225 gms. of silver chloride. Calculate the atomic weight of 
the metal. [Ans, 26*94J 

Vf9 65 A gms. of a metal liberate 22 4 litres of hydrogen from 
an acid at N T.P. What is the equivalent weight of the metal ? The 
metal forms a volatile chloride whose vapour density is 68*2. 
Calculate the atomic weight of ♦he metal. [Ans. 32*7 ; 65 4J 

30. 0 51 gm. of silver nitrate is required for complete precepita- 
tion of chlorine from 0 22 gm. of a metallic chloride. The specific 
heat of the metal is 0*057. Calculate the atomic weight of the metal. 

'^1. Potassium selenate is isomorphous with potassium sulphate 
and contains 35*77 per cent of selenium. Calculate the atomic 
weight of selenium (Se). [Ans. 79'16J 
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^'^32. A metal M forms a chloride which is isomorphous with 
potassium chloride. Potassium chloride contains 47*65% of chlorine. 
Calculate the atomic weight of M. [Ans, 85*8) 

33. (a) A metallic chloride contains 25*87% of chlorine and is 
isomorphous with KCl. What is the atomic weight of the metal ? 

[Ans. 1 01-71 

{b) The equivalent weight of an element is 13*16. It forms an 
acidic oxide which with potassium hydroxide, forms a salt isomor- 
phous with K3SO4. Deduce the the atomic weight of the element. 

[Arts. 78-96] 

^--54. The oxides of two metals A and B are isomorphous. The 
atomic weight of A is 52 and the vapo^ir density of its chloride is 79. 
The oxide of the element B contains 87-1% of oxygen. Calculate 
the atomic weight of B. 

A compound containing 28 2 potassium, 25-6% chlorine 
and rest oxygen is isomorphous with another compound containing 
4*7% potassium, 34 8^', manganese (Mn) and rest oxygen. What 
is the atomic weight of manganese, if that of chlorine is 35 46 

[4«5. 55*01] 

Potassium selenate which ontains 35*77% of selenium is 
isomorphous with potassium sulphate. Potassium sulphate contains 
18 39 \ of sulphur, (f the atomic weight of sulphur be 32, calculate 
the atomic weight of selenium. 7Q 2] 

37. In two isomorphous componds Cu and Ag^^, percentages 
of sulphur are 20 14 and 12 94 respectively. Atomic jveighr of 
copper is 63 57. What is the atomic weight of silver ? [Ans 107 9] 

38 (a) The sulphate of a metal contains 20 9’, of the metal and 
is isomorphous with ZnS04.7H30. Whal is the possible atomic 
weight of the metal 7 [Am, 58 66) 

{h) A metal M forms a sulphate which is isomorphous mth 
magnesium sulphate, MgS04,7H30. Calculate the atomic weight 
of the metal M when 0*6538 gm. of the metal M displaces 2* 16 gms 
of silver from silver nitrate solution. [ \ns, &5-3S] 

39. 1*1 12 gras of aluminium form 2*109 gms of its oxide. The 

sulphate of the metal forms a double salt with potassium sulphate 
which is isomorphous with chrome alum KgSO^, Cr2(S04) , 
24H2O. The atomic weight of chromium is 52. What is the 
atomic weight of aluminium ? [Am, ?6-76] 

40. 0*4686 gm of a metal oxide yields on reduction 0*3486 gm. 
of the metal which forms an alkali double sulphate isoraoiphous 
with common alum. Find the atomic weight of the metal. 

[Ans. 23-24] 

41. Magnesium sulphate contains 9 75''(, of Mg and 39 02 of 

SO4 and zinc sulphate contains 22*67^ of Zn and 35*5 , of SO4. If 
the atomic weight of zinc be 65, find the atomic weight of 
magnesium. The two salts are isomorphous. [Ans. 24 05] 
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42. Prove from the following results that mercury is monatomic^^ 

{a) 10 gms. of mercury combine with 0*8 gms. of oxygen to 
form an oxide. 

(b) 100 c.c. of vapour of mercury at N.T.P, weigh 8*923 gms. 

(c) The specific heat of the metal is 0 033. 

Solve the following problems osing mole concept* 

43. Calculate the number of moles in a litre of water. 

[Ans. 55 55] 

44. (a) lOO'OO gms. of a compound contain ; 

37*2 gras, of carbon, 7*8 gms. of hydrogen and 55*0 gms. of 

chlorine. Prom this data calculate : 

i i) the number of moles of each element present in the sample 

\J) the number cf atoms of each type present in the sample 

id) How many grams of calcium carbonate be heated to get 
enough carbon dioxide which can convert 0*1 mole of sodium 
carbonate into sodium bicarbonate ? [An^. 0 1 mole] 

45. How many grams of water will be formed by passing electric 
spark through a mixture of IS gms. of hydrogen and 150 gms. of 
ox>cen 7 How many grams of oxygen will remain unreacted ? 

[i4w5. water-^135 gms ; o\ygen-->30 gms.] 

4^. Calculate the volume at N.T.P. of carbon dioxide obtained 
by heating a mixture of 1 gm-molecule of sodium bicarbonate and 
1 gm-molecule of sodium carbonate. [Ans 11*2 litres) 

4’', How many c.c of sulphur dioxide at IJ.T.P. will be evolved 
by the action of 20 gms. of sodium sulphite of 90^o purity on 
5 462 c c. of sulphuric acid The acid supplied contains 89% of the 
pure acid and its density is 1*8. [Ans, 2000 c.c. (approx) 

4S. What volume of hydrogen measured at N.T.P. would be 
required to reduce completely 0 8 gm. of cupric oxide ^ (Cu- 63*57) 

[Ans, 0*224 litre] 

49. Find out the relative volumes of oxygen when 10 gms. each 

of potassium nitrate and potassium chlorate are separately decom- 
posed to produce the gas. [Ans. I : 2 427] 

50. On adding silver nitrate solution to a solution containing 

1*2 gms. of a mixture sodium chloride and potassium chloride, 
2-869 gms. of silver chloride are precipitated. Find the amount of 
sodium chloride in the mixture. \Ans. 1*169 gms.] 

51. 1 gram of an alloy oi aluminium and magnesium reacts 
with excess of hydrochloric acid to form 1*104 Hires of hydrogen at 
N.T.P. What is the composition of the alloy 

(Al-=27. Mg=“24) [Ans. Alr-54*8v* ; Mg=45*2%] 

52. What weight of zinc will be required to produce the same 

quantity of hydrogen obtained by the action of 40*5 gms. of alumi- 
nium on caustic soda solution ? \Ans. 146*25 gms,]j 



CHAPTER 6 Adds, Bases and Salts 

I 

1. Explain and illustrate the terms acid, base and salt. Define 
acid, alkali and salt in the light of electrolytic dissociation. In what 
different ways are the acids classified ? What are the informations 
you get from the following equations — 

NaOH F HCl - NaCl + H,0 

Cal(OH), + 2HNO, = Ca(N08), + 2H O. 

2. Define with examples : 

(o' Basicity of an acid and (&) acidity of a base. What is a 
polybasic acid ? Formulae of some acids are given below I'lder- 
iine the polybasic acids. 

HsPO*, CH.COOH, H^COa, HCOOH, H.SO,, H,SC,. 

3. What is a salt ? How is it related to an acid and a base ’ 
Write what you know about normal, acd and basic salts. 

Classify the following compounds as acidic, basic and rormal 
salts. 

NaHCO,, Na.CO,, Pb(OH,Cl, KCIO,, NH^Cl. NaHSO,. 

Ca(HSO,)„, Cu(OH), CuCOs, NaOCl, CuSO« 5H,0. Na SO,. 

Some salts contain replaceable hydrogen, but others dti not. 
Explain with reasons. 

4. What are oxides ? How are they classified > Give one 
•example of each type mentioning its characteristics. 

5. (a) To which classes do the following oxides belong ’’ Give 
reasons. 

Carbon dioxide, Calcium oxide. Aluminium oxide. Nitric oxide. 

(h) Which one of the following oxides reacts with HCl and 
NaOH separately to produce salts ? And which one is indifferent 
to an acid or an alkali ? P^O,, CuO, ZnO, SO,, NO. 

(c) Justify : 

(/) BaO| is called barium peroxide but MnO. is called manga- 
iese dioxide. 

(ii) Fe^Os is a basic oxide, while AlgO, is an amphoteric. 

(/{7) PbOg is a dioxide but not a peroxide. 

(iv) CO is a neutral oxide but CO^ is an acidic oxide. 

6. What is meant by hydrolysis ? When a solution of sodium 
carbonate is added to an aqueous solution of calcium chloride, 
calcium carbonate is precipitated. Under similar conditions, alumi- 
•aium carbonate is not precipitated when sodium carbonate is added 
40 a solution of aluminium chloride. State the reason. 
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7. Define with examples : (a) equivalent weight and gm-equi* 
talent of an acid, (b) equivalent weight and gm-equivalent of a 
"base, (c) equivalent weight and gm-equi valent of a salt. Calculate 
the equivalent weight of (i) aluminium sulphate (//) zinc nitrate, 
calcium carbonate silver nitrate. CuSO* 5HgO, BaClg.2H^O. 
IAW27, Ag=108, Zn = 63-38, Cu-63*5, Ba=l37-36]. 

8. What is a normal solution ? How docs it differ from a molar 
solution ? In which case the difference between the normality and 
molarity ceases to exist. How can an approximately N/IO sofution 
of sulphuric acid be prepared. How would you determine its 
exact strength ? 

N 

9. How would you prepare 250 ml. of a NagCO^ solution. 
What is a factor ? 

10. Write notes on : {a) Normal, acid and basic salts, (h) Hydro- 
lysis, {c) Standard solution, (d) Normal solution, {h) Indicptor. 

11. What is neutralisation. Give an ionic interpretation of the 
process. What is an indicator ? Name a suitable indicator you 
use in the titrations of 

(a) sodium carbonate by sulphuric acid 

(b) sodium hydroxide by hydrochloric acid. 

Mention the colours of methyl orange, pbenolphthalein and 
litmus in acidic, alkaline and neutral solutions. 

Equal weights of NaOH and NajCO, aie taken: Which will 
neutralise a larger quantity of an acid ? 

12. What do you mean by a strong acid and a weak acid ? 
What actually happens during the neutralisation of a strong acid 
and a strong base. How is the end point of a neutralisation process 
determined ? 

13. Complete the following sentences, choosing the appiopriate 
term from those given within the bracket : [acidic, alkaline, neutral] 
lustify your choice briefly. 

(a) The aqueous solution of fenic chloride is . 

(ft) The aqueous solution of potassium nitrate is .. 

(c) The aqueous solution of coppi sulphate is... 

{df) The aqueous solution oi sodium carbonate is. . 

(e) The aqueous solution of ammonium chloride is... 

14. Make critical comments on the following statements. 

(tt) All acids are hydrogen-compounds but all hydrogen 
'•compounds are not acids. 

(h) All alkalis are bases but ail bases are not alkalis. 

(c) 10 ml. of (N) Na.COa solution require 5ml. of normal 
^drochioric add solution for neutralisation, when phenofphthalein 
m used as an indicator. 
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(d) Two types of ions are eliminated when a solution of sodium 
hydroxide reacts with a bolution of sulphuric acid. 

(e) The basicity of an acid is not necessarily the number of 
hydrogen atoms contained in one molecule of the acid. 

(/) The aqueous solution of hydrochloric acid turns blue 
litmus paper red but dry hydrogen chloride does not change the 
colour of the blue litmus paper. 

(e) Upon adding sodium carbonate to an aqueous solution of 
ferric chloride, ferric carbonate is not precipitated. 

15. Select the correct answer and mctk it with V 

(u) Acids are the substances that yield TU in aqueous solutions 
while bases yield OH" ions. In a neutral solution, 

(i) There are no □ 

(li) There arc no OH" □ 

[lii) There are neither nor OH" □ 

(iV) H^ and OH" ions are present in very small but equal in 
number. □ 

b) IM solution of hydrochloric acid conducts more electricity 
than IM solution of acetic acid. This is because 

(/) hydrogen chloride is highly soluble in water ^ □ 

(//) hydrochloric acid yields more ions than acetic acid □ 

{lii) hydrochloric acid furnishes fewer ions than acetic acid o 
(iv) hydrochloric acid is a mineral acid while acetic acid is an 
organic acid. □ 

16. Indicate whether the following statements are true or false. 
Justify your answer. 

(/) A metal always gives hydrogen when treated with an acid. 

(//) The reaction of an acid with equivalent quantity of a base 
gives a solution which is always neutral. 

{Hi) A solution of sodium chloride is neutral. 

{iv) Sulphuric acid is a dibasic oxyacid. 

(v) The solution obtained by dissolving 4 00 gms of NaOH in 
one litre of water is not exactly 

11 

1. Calculate the quantity of the following substances required 
for the preparation of : 

(0 500 ml, of 2N NaOH solution («) 500 ml of 5% Na.COs 
solution (iff) 250 ml of 0*25 (N) KOH solution {iv) 0^5 
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of 1*25 (M) KOH solutioa (v) 100 ml of (F) HjSO* solntion 
(vi) 200 ml of IgAgNOg solution (v«) 500 ml of Na.COg 

solution. 

2. (d) 100 ml of caustic soda solutioa contain 2*5 gms of NaOH. 
Express the strength of the solution in terms of normality. 

I Arts. 0-625 NT 

{h) 25 ml of a sodium carbonate solution neutralise 10*2 ml of 
N 

HCl solution. Find the strength of Na^COg solution in terms of 
normality and in grams per litre. [Arts, 0*0408 N ; 2*1624 gms/litre] 

(c) What would be the moJanty of a solution prepared by 
adding 400 ml of water to 100 ml of a 0*50 M soluuon ? (A/ts. 01 j 

3 1*3856 grams of pure NagCOg are dissolved in water and the 

volume of the solution is made upio 250 c.c. 24*65 c.c. of a solution 
of sulphuric acid is required to just neutralise 25 c.c. of the 
Na..COa solution. Calculate the normality of (a) Na^COg solution 
and (b) H^SO^ solution. 

lAns. Na^COs-boln. 0*1046 (N) and H^SO^ soln. 0*106 NJ 

4. Calculate the volume of 01 N 112804 required to neutralise 

a solution containing 0*125 gm of NagCO,v I /Inf. 23*6 ml] 

5. One gram of sodium hydroxide was dissolved in 50 c.c. of 

normal hydrochloric acid solution. How many c.c. of normal 
solution of sodium carbonate will be needed to make the solution 
neutral? ['ins. 25 c.c. j 

6. (a) A solution of 0*33 gm of sodium caibonate in 250 ml of 

N 

water was added to 1500 ml of H2SO4 solution for partial 

neutralisation of the acid Calculate the normality of the remaining 
acid solution. [Ans. 0*08 N| 

(l>) To 2*5 gras of pure specimen of chalk (CaCOg), 25 ml of 
HCl solution were added. When evolution of gases ceased, it was 
found that 50;^ of the sample of chalk had remained undissolved. 
Calculate the strength of the acid in terms of normality and in 
gms/litie. I Ans. IN, 36*5 gms/litrej 

7. 20 c.c. of a 5% solution of caustic soda is mixed with 20 c.c. 

of a 5X solution of sulphuric acid. What is the normality of the 
resulting mixture 7 [Ans. alkaline 0*115 N] 

8. 1 gm of pure NaOH is /uvcd with 15 c.c. of molar sulphuric 
acid solution. Is the resulting solution neutral ? If not. And out the 
strength of the acidic or alkaline solution in icrm^i of normality. 

9. 50 ml of (N) 11 JSO4 are poured into 50 ml of ^NaOH solu- 

tion. Is the resulting solution acidic or alkaline? Calculate its 
strength in normality. [Ans. Acidic ; 0*25 (N)] 

Part— II— 17 
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10. 20c.c.ofO*45(N)NaOH are added to 30c.c. of 0’32(N) 
HCl. Is the resulting solution basic or acidic ? What is the 
norrriTiljty of (a) the acidic or baM ^ final solution and (b) the salt 
solution formed bv neutralisation ? 

[Ans. Acidic ; 0’012(N) acidic soln. ; strength of salt soln. 0*18N] 

IJ. 50 ml of ^ H„>S 04 solution are poured into 100 ml of 

N 

NajjCOs solution. Is the resulting solution acidic or alkaline 7 
Calculate its normality. [Ans^ Acidic ; 0*33 N) 

12. The specific gravity of a sample of nitric acid is 1*5, What 

volume of such acid will be required to neutralise 80 gms of 
NaOH ? [Ans. 84 c.a] 

13. 25*5 c.c. of HCI (sp. gr. 1*10) containing 20 2% (by weight) 

HCl neutralise 21*5 c.c. of a NaOH solution. What is the normality 
of the NaOH solution ? [Ans. 7*2 N] 

14. 100 grams of hydrochloric acid of specific gravity 1*17 

contain 33*4 gms of HCl How many litres of the acid solution of 
this strength would be required to neutralise 5 litres of the 
decinormal solution of caustic soda ? | A.ns. 0 0467 litre] 

15. If 25 ml of Na^COg solution (f=l 05) are neutralised by 

19 5 ml of a solution of sulphuric acid. Calculate the strength of the 
acid in terms of normality and grams per litre. Calculate the volume 
of the acid to be diluted to one litre to make it exactly decinormal. 

[Ans. 942 94 c c J 

16. 5 c.c. of strong sulphuric acid were diluted with watci and 
the volume was made upto 500 c.c. Upon titration, 10*2 c.c. of this 

N 

diluted acid were found to neutralise exactly 22*7 c.c. of NagCOa 

solution. What volume of water must be added to 400 c.c. of the 
diluted acid to make it exactly decinormal ? [Ans. 490*2 c.c.] 

17. (a) 20 c.c. of a solution of sulphuric acid neatralise 21*2 c.c. 
of a 3% solution of NagCOg. How would you reduce the strength 
of the acid solution to decinormal ? 

[Ans, 5 c.c. of water to 1 c c. of acid soln.] 

N 

(6) 25 c.c. of NagCOg solution neutralise 17*5 c.c. of a 

solution of sulphuric acid. How much water must be added to 100 
c.c. of the acid solution in order to make it exactly decinormal ? 

18. (a) In what proportion of volumes of two acids of strengths 

0'25N and 0'4(N) respectively be mixed, so that the strength of the 
resulting mixed solution will be 0*32{N) ? [Ans. 8 i 7] 

(fr) In what volumetric proportion should an acid of 0*6 N be 
added to an alkali solution of strength 0*4 to make the resulting 
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solution (i) neutral (li) an acidic solution of strength 0'2(N) 
<iii) an alkaline solution of strength 0*2(N) 

[Ans. 2 : 3 ; 3 : 2 ; 1 : 4] 

19. 3i5gmsof washing soda crysiah are dissolved in water 
and the solution is made upto 200 c.c. 20 c.c. of this solution 
neutralise 21*8 c.c. of N/10 sulphuric acid. What was the percentage 
of anhydrous sodium carbonate in the sample of washing soda ? 

20. 1 gm of impure Na.jCO<, is dissolved in water and the 
solution IS made upto 250 c.c., 10 c c. of this alkaline solution 

exactly neutralise 10*8 c.c. of HCl solution. Determine the per- 
centage of pure Naj^COg in the impure sample. [Ans. 89*438%] 

^1* (^) 1 gram of impure sodium carbonate is dissolved in water 
and the solution made up to 250 ml. To 50 ml. of this solution, 
30*4 ml. of 0*15(N) HCI solution are added and the mixed solution 
requires for neutralisation 10 ml. of 0*12(N) NaOH solution. 
Determine the percentage of NagCOg in the impure sample. 

[Ans. 9404%] 

ib) A 0-50 g. sample of impure c«alcium carbonate is dissolved 
, in 50 ml. of 0*098,5 N hydrochloric acid. After the reaction is 
camplete, the excess hydrochloric acid requires 6*0 ml. of 0*i05 N 
caustic soda for neutralisation. Find the percentage of calcium 
carbonate in the sample. \An&. 42*94%] 

22. To 50 c.c. of a solution of IlCl, 25 c.c. of 0*82 (N) NaOH 
solu- ion were added. The excess of acid in the solution required 
30 c.c. of 0*09 ^N) NdjjCOs solution for neutralisation. Determine 
the norniahly of the acid solution and the number of grams i<r HCl 
per Jure v/f the solution, |CJ 35*5| \Ans, 0*464 N ; 16*936 gmsj 

23. 3'5 c.c. of c in':entratcd sulphuric acid (sp. gr. 1*76) is diluted 
with water so as to make I litre of the solution. 25 c.c. this 

solution require 24*3 c.c. of -^>NaOH solution for complete neutra- 
lisation. What was Ihe percentage of the acid iathe cone, sulpimric 
acid sample ? \Ans. 77*32%] 

24. (a) 20 c.c. of an alkali solution containing 4*8 gms. of the 

' ^ "M 

alkali psr litre require 25 c c. of for neutralisation. Calculate 

the equivalent weight of the alkali. \Ans. 3a'4] 

(b) A 6 90 M solution of ' >H in water contains 30'^ by weight 
of KOH. Calculate the density of the solution. \Ans. 1-288] 

25 4-50 gms. of a dibasic acid were dissolved in water and the 

solution diluted to 500 ml. 20 ml. of the solution required 32 ml. 

of 1*25^ alkali for neutralisation. 

Calculate the equivalent and molecular weights of the acid. 

[i4ns. Eq. wt. 45 ; Mol. «t 90] 



( 32 ) 


26. (a) Calculate the molecular weight of a dibasic acid, 0*45 

N 

gm. of which required 100 c.c. of NaOH solution for neutralisa- 
tion. \Ans, 90J 

(/>) 0-75 gm. of an acid of molecular weight 90 required 16*6 c.c. 
of N NaOH for neutralisation. Calculate the basicity of the acid. 

[Arts, 2] 

27. (a) The alkaline solution obtained by dissolving 1 gm. of a 

metal in water requires 50 ml of (N) HCI. for neutralisation. 
Calculate the equivalent weight of the metal. [Ans, 20] 

(h) 0 3363 gm. of a metal when added to 73 c.c of distilled 
water produced 190 c.c. of hydrogen gas at 27 C and 720 m.m. 
pressuie and the solution became alkaline Calculate the equivalent 
weight '^f the metal and the sircnglh of the solution in terms of 
normality, (wt of 1 litre of hydrogen at N.T P. - 0*089 gm.') 

fAns, Eq. wt. 22*84 ; 0*202 N] 

28. (n) 3*222 gms of a metal required exactly 98 c.c. of 10% 
HCI to dissolve it. What is the equivalent weight of the metal. 

[Ans. 121 

(d) 0*21 gm. of a metal was treated with 100 c.c. of ^ HsjS 04 . 

The metal was dissolved and the residual acid required 32 5 c c. of 
N-NaOH for neutralisation. Calculate the equivalent weight of 
the metal. [Ans. 12) 

29. One gram of the carbonate of a metal was dissolved in 25 c.c. 

N 

normal HCI. The resulting liquid required 50 c.c. caustic soda 

solution to neutralise it completely. Calculate the equivalent 
weight of the carbonate. " [Ans. 50.] 

30. 10 c.c. of HaSO^ and HCi require 16 c.c. of ^NaOH solu- 
tion for complete neutralisation. On adding excess of BaCl. 
solution to 20 c.c. of the above acid solution, 0*3501 gm. of BaS 04 
was obtained as precipitate. Calculate the gms. of HCI per litre 
of the acid solution. 

31. A mixed solution of KOH and NagCOa required 15 c.c. of 
N/20 HQ when titrated with phenolphthalein as indicator. But the 
same amount of solution when titrated with methyl orange as 
indicator required 25 c.c. of the same acid. Calculate the amount 
of KOH and NagCOg in grams present in the solution. 

[Ans. KOH=0*014 gm. ; NagCOa =0*053 gm.] 

32. 10 ml. of (NH 4 )aS 04 were boiled with an excess of NaOH 
solution. The NHg gas evolved was absorbed in 50*0 ml. of 0*1 N 
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HCI. The lemainining acid in the solution required 10 ml of 0'2 N 
NaOH solution for neutralisation. How many grams of (NH*) jSO* 
are present in a litre of the solution ? [i4>u. 19'8 gm.] 


33. What volume of ^ HjjSO* will be required to neutralise 

ammonia obtained form 10 7 gms. of ammonium chloride ? 

[Am. 2000 C.C.] 

34. 7 5 gms. of ammonium sulphate were boiled with excess of 

NaOH solution and the evolved ammonia was led into ^0 c c. of 
(N) HjSO*. The resulting solution further required 8 c c. of 0'5 (N) 
NaOH for neutralisation. Calculate the percentage of ammonia in 
ammonium sulphate [Am. 10 43%] 

35. 10 c c. of carbon dioxide at N. T. P. were evolved when 
20 c c. of a solution of hydrochloric acid were added to excess of 
powdered chalk. What is the normality of the acid ? 

[Am. 0-044 N] 

36. 1’48 gras, of a mixture of sodium carbonate and bicarbo- 
nate were dissolved in water and the volume made opto 250 c.c. 
25 c.c. of this solution neutralised 20-85 c.c. of 012 (N) HjSO* 
soluti''n Find ♦he percentage composition of the mixture. 

[Am. NaHCO,=28-4% 
Na*C08^71-6%] 


37. 2 pms. I f a mixtmc of sodium carbonate, sodium bicarbo- 
nate, and sodium tlilorioe gave on hcatiig 55 c c. of carbon dioxide 
at N T.P. 

2 gms. of the same mixture required 32 5 c.c. of I N HCI for 
c^miplcte ueutialis.'ition. Find the fercentage composition of the 
mixture. |^«i. Na„CO, -72 85 NaHCO,- 21' and NaCl 

- b 15 .1 


38. Calculate ti- weight cf pure calcium caibor.nte and the 
volume of N HCI needed to prepare 1 litre of carbon dioxide gas 


at 27 C and normal pressure. 

[/Ins. C aCO, ^ 4 052 gms ; 


N HCI -81 04 C.C.] 


39 0 25gm. of pure calcium carbonate was found to react 

completely w ith 40 ml of dil ite hjdrochloric acid. Calculate !^ 
strength of the acid in terms of noimality. M"*- 0-125 NJ 

40. On adding excess of ferrous sulphide to 125 c.c of a dilute 

solution of sulphuric acid. 560 c c. of H^S were obtained at N.T.K 
What was the normality of tL" .icid ’ [Ans 0’4Nj 

41. Calculate the volume of hydrogen chloride at N.T.P which 

will be rcQuiied to neutralise 60 c.c. of an alkali solution containing 
4‘74 gms of NaOH per litre 0 159*. litres] 



CHAPTER 7 
Oxidation and Reduction. 

I 

1 . Write notes on : (a) Oxidation (ft) Reduction (c) Oxidation 
number (</) Electropotential series (e) Oxidising and reducing 
agents. Is it possible to get an oxidisng agent which does not 
c >ntain oxygen ? 

2. Explain, according to earlier concept, the terms oxidation 
and reduction. Illustrate with suitable examples. Justify the state- 
ment that oxidation and reduction always take place simul- 
taneously Define oxidation and reduction in terms of electrons. 
Give examples. Comment on the iutei -relation between the old and 
new electronic concept of oxidation and reduction. 

3. Give the underlying principles of the ion- electron method of 
balancing redox equation Illustrate your answer with examples. 

4. What is meant by oxidation number ? How is the oxidation 
number of an clement in its compounds determined ? State the 
important difference between the oxidation number and valency of 
an element. 

5. Identify the leactanls which are oxidi-cd / icduccJ ui ihe 
reactions represented by the loilowing cquati ms. Indicate also the 
reactions where oxidation and redneti*. n have not oqcurred. 

(o' PCla+CU^PCI, 

(ft) Sif2K0H4n„0-KgSt0.,+2Tl 
(r) PbO,-h4HCl=PbCl,-+ C1^-|-2H,0 

(d) H,S-b2FeCl,-S+2Fea*42HCl 

(e) N-t-N=N, 

(/) 3Cu04 2NII,=Ns-l-3.t,04-3ru 
(g) KlO,-t-5KI+6HCl -3l„-b6KC14 .311,0 
(A) 4 KCIO 5 , - 2 KCIO 4 4 2KC1 

(i) CaSO,-t-2HCI -CaCI,-4S0,-i-H,0 

(j) 2NaOH-f-H2SO<--Na»S04-42H30. 

6 . (o) Wha' is the oxidation state of the underlined elements in 
the following species ? 

NaNOs, K,Cr*0„ C1*0,, H„ jWg, NH*C1 N,H*, MnO^, 
Kl^O^ 

(ft) What is the oxidation number f*f nitrogen in each of NjO, 
NO, N,0», N, 0 „ N. ? 

(c) What is the oxidation number of sulphur in each of the 
compounds HjS, SOj, H,SOa, HaSO*, S, Na,S ? 

(d) State the oxidation number of oxygen in each of the 
following compounds. 

Na,Oa, Na,0, F,0, HgO. 
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7. What do you mean by the oxidation state of an element ? 
Balance (he following equations by oxidation number method. 

S+HaSO^-^SOg t-SOa+HgO 
(6) CuS+HN03->Cu(N0s),+N0+S+Ha0 
ic) H.SfHN0,->S+N0+4H20 
{d) H,S-f-I,->Hr+S 
(e) Zn+HCl-^ZnCU+II^ 

(/) FcCU+HgS-^FeCla+HCl+S 

8. What is the electropotential or electrochemical series ? 
Discuss the following with reference to the electrochemical series. 

(a'^ Displacement of a metal from its salt solution by another 
metal. 

(Jb) Formation and stability of metallic oxides. 

(c) All metals cannot displace hydrogen from acids. Canyon 
cite a reaction in which hydrogen brings about an oxidation 7 

9. (a) Arrange Na, Fe, A1 in the order of increasing reactivity 
with water. 

(Jb) Arrange Fe, Cu, Zn in the order of decreasing reducing 
power. 

(r) How will you prepare (\) copper from copper sulphate 
(iif lead lead nuule wdhciit th*' a^pheation of heat or 

electricity? 

10. bxplain the ronvCpt of oxidation and reduction with regard 
to the following reactions 

(a) CnC !3 4Cu-=20urL 

(b) KI4-I„-K13 

(c) Cl„+H,0..-dHCl-hO.. 

(d) 

(e) S 05 j+ 2 H,.>-.iS 4 2H..0 

(/■) 3I,*f6NaOH = NaIO;4 5NaM-3II.O 
(je) H;S4^N0. - H.O ^NOtS 

(h) 2KC'IO, 2 KCf-i -'03 

(i) 3HNO . - HNO,4 zNO+UgO 

11. Oxidation and reduction have not taken place in the 
reactions represented by the following cquatu ns. Expl.rin 

(fl) CaCO,=CaO + CO„ 

(b) BaClo fNa,S 0 ^--UaS 04 -h 2 Nan 

(c) N-hN->^N, 

(d) KOH hHCl^KCl 

(e) CaC.4-2H,0 - Ca OH)^+C^n^ 

12. Fill in the blanks with appropriate words. 

(a) Oxidation is the reaction which involves addition of or 

any other element. 
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{J}) The reaction in which hydrogen or any electropositive 
element is removed is known as . 

(c) According to electronic conception oxidation is while 

reduction is . 

(d) Oxidation number of an atom of an element in the free 

slate IS . 

(e) The oxidation numbers of oxygen in MnO^ and BaO^ are 

and respectively, 

13. Explain the reasons why. 

(a) Sn**^ and cannot coexist in the same solution. 

\h) Chlorine is a stronger oxidisii^g agent than iodine. 

(c) AgjjO and CuO have oxidising properties, while NagO docs 
not possess that propeny. 

(d) Copper cannot displace iron from ferrous sulphate solution 
but copper can displace silver from silver nitrate solution. 

14. Oxidation is often defined as increase in the positive valency 
of an element due to loss of electrons and reduction as the reverse 
of oxidation Explain how this statement applies in the case of 
the following reactions. 

(a) The conversion of hydrogen ions to hydrogen molecules. 

(b) The conversion of ferrous ions into ferric ions. 

(c) The liberation of sulphur from hydrogen sulpljide. 

15. State whether the following slatcments are true or false. 

(a) Dil. HCI oxidises metallic Fe to Fe^+. 

(b) Copper sulphate solution cannot be kept in iron vessels. 

(c) Aluminium is a stronger reducing agent than iron. 

(d) Oxidation cannot occur in tlie absence of oxygen. 

CHAPTER 8 
The Gas La vis 


What are the characteristics of the gaseous state of matter ? 

2. State and explain the following laws in words and in the 
form of equations. 

Boyle's law (i) Charles' law (c) Dalton’s law of partial 
pressures Gruham's law of diffusion. 

3. Write notes on : (a) Absolute temperature (b) Partial 
pressure {^) Ideal gas and real gas^<£/) Molar gas constant. 

4. Establish the relation between temperature, pressure and 
volume of a given mass of a gas. State the laws from which the 
said relation is obtained. What is the significance of absolute zero ? 
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How does the volume of a gas depend on it ? Is it possible to get 
a temperature below absolute zero ? What happens when a gas is 
cooled to absolute zero ? 

5. What is an equation of state ? Deduce from Boyle’s law 
and Charles’ law the relation ^ is a constant. 

6. Derive equation of state (a) for 1 mole (b) for n moles and 
(c) for w gms of a gas. 

7. What is mol<tr gas constant ? Why is it called a Universal 
Gas constant ? What arc its values in difterent units ? 

8. How can Boyles’ law, Charles* law and Avogadro's hypo- 
thesis together be applied to determine the molecular weight of a 
gaseous compound ? 

9. What is meant by partial pressuie ? Stale Dalton’s law 
of partml pressures. Derive an expression relating the partial 
pressure of a gas in a mixture to the total pressure. What is aqueous 
tension? How docs it influence the pressure of a gas collected 
over water ? 

10. What IS me'>rit by gaseous diffusion ? State and explain 
Graham's law of diffusion. Describe an experiment to show that 
vO hydrogen diffuses more quickly ihan ah (i/) air diffuses more 
rapidly than carbon dioxide through the same pOrus wall. Arrange 
the gases Cl. and CH4 in the ordei of increasing rate of 
diffusion. 

11 What is clfusion State the law that governs the rate of 
effusion. Lxplain how effusion miy be used calculate vapour 
density or molecular weight of a gas 

12. Deduce the relation between teinperaturCj pressure and 
density of a given ma?s of a gas. 

!3. How doch the volume uf a given mass of gas change with 
pressure and temperature ? Explain this with the help of two 
familiar gas laws. 

14. (a) Which one of the following griphs gives the correct 
relationship between the pres'ure and volume of a gas at constant 
temperature ? 



0) (h) (in: (iv) 

ih) Show a graphical repiesentation of a gas obeying Boyle’s 
law with volume (v) along X-axis and inverse of the pressure 

along Y-axiS. 
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15. What will be the nature of graph in the following cases : — 

(fl) *PV’ plotted against ‘P* at constant temperature 
(b) W’ plotted against ‘T* at constant pressure. 

16. Mark the correct answer as J- Non-reacting gases tend to 
mix with each other to form homogeneous mixture. This pheno- 
menon is called 


(«) 

synthesis 

□ 

(b) 

addition 

□ 

(f) 

diffusion 

□ 

id) 

effusion 

□ 


11 

1. A quintify of gas occupies 240 c.c. at 750 m.m. pressure of 

mercury. What volume will it occupy at f 00 ra.ra. pressure, tem- 
perature remaining constant ? {Arts. 300 c.c.} 

2. A volume of air at a certain temperature is compressed to 
Jth its original vulurae What multiple of the former pressure will 
be the new pressure, temperature remaining constant ? \Ans 6] 

3. A baUoon cont.'^ins 1250 ml. c'f a gas at 760 m.m. pressure- 

The b'lllon ts taken t<^ tnc lop of a mountain where the pressure is 
found be 720 m.m. of mercury. Wliat will be thechnnic in 
volume of the balloon at the top of thom/iirtam, temperature 
remami* i' constant [IncicM'-e of vol by ml.] 

4. At what depth p' a pond will a bub’sle of have one nail 

of the Vi lumc It will have on reaching the siiTf«;c (Barometric 
height 76 cm sf ^ersity of mneury 13*6, tempeMluie of water 
in the pond 1 5 C). [4ns, 103.Vf> cm.] 

5. A volume of gas logei’^er with a mirbic ball niv.a'-uies 
150 c.c. ai 760 m m pressure. On raising the pressure to lOCO m m , 
the combined volume bee mies Il64cc. VYh-il is the volume of 
the marble ball Temperature lemain^ con tart [Am, 10 c.c.] 

6 A given mass of gss occupies a volume of 240 ml at a 
pressure of 1*25 atmospheres; how much would be the volume 
chan'^e if the pressure was alteied to 0*75 atm. at the same 
temperature What would be the volume of double the given mass 
of gas at the latter pressure \Ans, Increase of pressure-- 160 ml. ; 

Double the volume] 

7. Mercury is poured into a tube closed at one end until it 

reaches a point 2 5 cm. from the open end. The tube is then inverted 
and placed in a vertical position with the lower end in a trough of 
mercury. It is then found that air hlK 38 cm. of the tube while a 
column of mercury 70 cm. long is sustained below it Find the 
atmospheric pressure. [Ans. 74*9 cm.] 

8. 50 c.c. of hydrogen at N.T.P. were confined in a tube of 
cross section 1*2 sq. cm. and standing in a trough of mercury, th& 
volume of which stood at a height of 15 cms. The pressure was 
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now changed to 750 m. m. and the temperature to STC Find tho 
length of the column of tube containing the gas. 

9. One litre of a gas is measured at 27‘’C. At what temperature 
will Its volume be two litre-, the pressure remaing constant ? 

[Arts. 600‘A or 327*C] 

10. How much air will escape from the flask of one litre 

capacity if it is warmed from 25®C to 35 C, the pressure remaining 
constant ? \An^ 33*56 c c.] 

11. Some amount of nitrogen occupies 50 c.c. at 50“C. If the 

pressure remains unchanged, what will be the volume of the same 
amount of the gas at— 50 C ? [Arts. 34*5 c.c.J 

12. A gas expands from 1 litre to M28 litres due to a rise of 
temperature from 0 C to 35‘'C at constdnt pressure From this, 
calculate the value of absolute zero (in centigrade scale). 

[Arts. -273 4 C] 

13. 304 c.c. of a dry gas are collected under a pressure of 
750 m.m. and at 27V. Find the volume of the gas at N.T.P. 

f/4/2v. 273 C.C.] 

14. A given mass of a gas occiipit**^ a volume of 2 5 lities at 

0 C and 76 cm pressure of mercury Fuul its volume ar o46 C and 
150 cm. pressure of nieiciirj I 'Iris 3 8 hties] 

15. Calculate the presMue when 22 4 htics of oxvgcn at 0 C 

and 1 atm piC' siiie aie lr*i i ito an evtfCUited 'c^sel <1 50 litres 
capacitj at i5 C. 35-^*l m m.] 

16. Calculate tlie diminution vi M.e a i 'y oalioon ( f which 

the Vi lurae is 450 c c at 12 C and 75') m m when taken 

to the bottom of a mine whcie the picjnutl is 765 mm and the 
temperature 5 C. I 

17 A quantity of a gas together «Mth a piece of gi iss meas ires 
100 cc at27C. When Ihe pressure ib doubled and the tempera- 
ture raised to twice the above figuie, the combined volume is found 
to be 59*3 c c. Find the volume of the piece ot a gl iss 

[ 4ns 10 55 c.c.] 

18 A flask can bear p essme upto 1 6 atmoepberes. It is filled 
with chlorine at 10 C and 764 m.m. li is now heated till the flask 
explodes. At what temperature does the explosion take place ? 

^ \Ans. 177 429X1 

19. At OX and a pressure ol 2 itm , 350 ml. of u diatomic gas 

weight 1 gm. Calculate the actual weight of an atuin of the gas in 
grams. I ^ 6571 x 10 } 

20. (a) Find out the volume occupied by 4 grams of oxygen at 

27 C and 760 mm pressure. l^rts 6*15 litres] 

ib) 2 grams of oxygen are confined in a 2-htre vessel bv a 
pressure of 1*21 atm. What is the temperature of the gas at X ? 

[Ans. lOO^Cp 
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2 1 . What volume at 2TC and 740 mm. pressure will be occupied 
by 1*7 gms. of ammonia gas ? 

22. Calculate the number of moles present in 10 litres of 

oxygen at 27'C and 57 cm. of mercury. [Ans. 0*305 mole] 

23. The density of hydrogen at N.T.P. is 0*09 gms. per litre. 
What is the density at 1 5‘'C and 750 mm. pressure ? 

{Arts. 0*084 gm/litre] 

24. Calculate the temperature at which air possesses a density 
equal to that of hydrogen at 0 C. (Density of air— 14’4) 

[Ans. 3658‘2‘’C] 

25. The density of air at 0 C and 76 cm. pressure is 1*293 per 
litre. Calculate the density of air at and 64 cm, pressure 

^ [Ans. 0*991 gm/Jitre] 

\ 2^ (a) At a pressure of 752 mm., a mass of 0*324 gm. of a £;as 
occupies 280 ml. at 23 C. At what temperature will 1*00 gm of 
the same gas occupy exactly 1 litre at I atm. pressure ? [/4/w. 73 C] 

(/») At lO'^C and under a pressure of 2 atmospheres, 3*362 gms. 
of a gas occupy a volume of 1224 litres. At what pressure will 
0*436 gm. of the same gas occupy exactly 300 ml. at 2S°C ? 

[Ans. 1*22 aims] 

27. {a) 2 gms. of oxygen are confined in a 2 litre vessel by a 
pressure of 1*21 atms. What is the temperature of the gas at ‘'C ? 

{b) How many molecules are there in one mililitre of a peifect 
gas at a pressure of 1 cm. at 27’C ? \Ath. 3*2x10'’] 

(c) Applying the equation of state, find the volume occupicvl 
by 5x10*® molecules of a gas at N.T.P. 

(d) Oxygen Is present in a l-lifre flask at a pressure 'f 

7 6x 10“^® m.m of Hg, Calculate the number of oxygen molecules 
in the flask at 0"C. [Ans. 2'69x lO'' ] 

28. 3*2 gms. of sulphur when vaporised at 450 C and 720 mm. 

pressure occupy a volume of 780 ml. What is the molecular formula 
of sulphur under such condition ? [Ans. S^] 

29. 33*6 c.c. of phosphorus vapour weigh 0*0625 gm. at 546 C 

and 76 cm-Hg pressure. What is the molecular weight of phos- 
phorus ? How many atoms are there in one molecule of phos- 
phorus vapour ? [Ans. 125 ; 4*0 (approx. )] 

30. How much air at 27°C and 750 mm. pressure w‘Il be 
required for complete combustion of 60 gms. of a hydrocarbon 
containing 807u of carbon and 20% of hydrogen. Air contains 21% 
of oxygen by volume. 

31. What volume of oxygen gas at N.T.P. is necessary for 

complete combustion of 20*0 litres of propane (CaH^) measured at 
27C and 760 mm. of mercury. [Ans. 91 litres] 

32. (n) The weight of 380 ml. of a gas is 0*455 gm. at a tempera- 

ture of 27‘'C and a pressure of 800 mm. Determine the molecular 
weight of the gas. [Ans. 28*0] 



(fr) One gram of an alloy of aluminium and magnesium reacts- 
with excess of hydrochloric acid to form aluminium chloride* magne- 
sium chloride and hydrogen. The hydrogen, collected over mercury 
at O'C, occupied 1200 ml. at 699 mm. of Hg. What is the composi- 
tion of the alloy ? 

(c) Air contains 21'Jo by volume of oxygen and 19% by volume 
of nitrogen. Calculate the density of air in grams per litre at 27"c 
and 760 mm pressure. 

[Ans 1*171 gms/litre] 

33. A certain gas occupies 0*418 litre at 27"C and 740 mm. of 
Hg? 

(i) What is its volume at N.T.P. ? 

(i7) If the same gas weighs 3*0 gms., what is its molecular weight 7 
(ill) If we increase the weight of the gas to 7*5 gms. in the 
same vessel (i.e , 0 418 litre capacity) and the temperature is lowered 
tn 280 K what would be its pressure now ? 

[Ans. 0 3703 litre ; 181*4 ; 2*272 atms.J 

34. 0 44 gm of a colourless oxide of nitrogen occupies 224 ml. 
at 1520 mm. Hg and 273'C. Identify the compound. How much in 
gram does one molecule of this compound weigh ? 

N,0 ; 7*309x10-®“ gm.] 

35. A compound contains 10 05% carbon, 0 84% hydrogen and 
80*1% chlorine. Its density in the gaseous state at 150 C and 760 
min pressure is 3’43 gm/ litre. What aie its enipi»-ical formula and 
molecular formula ? 

36. At 25 C partial pressures of the constituent gases in a gas 
mixture are 430 mm., 100 mm., 80 mm , 70 mm., 27 mm. aud 10 mm. 
of mercury. Find the total pressure of the mixture. 

1 Afu. 717 mm. of Hg.], 

37. A sample of drv air has the following composition : 


Nitrogen 

Oxygen 20*9 

Argon 0*9‘ 

Carbon dio 'lide 0*4^^ , 


Determine the partial pressure of each of the constituents of air. 

[Ans. N.— 591*46 mm, 02—158*4 mm.. A— 6*8 mm. 

and CO* - 0*3 mm.] 

38. A volume of 0*5 litre of nitrogen measured at 25 C and at 
700 mm. and 1 litre of oxyger at a pressure of 600 mm., are passed 
into an empty vessel whose capacity is 2 litres. What is the total 
pressure of the mixture in the vessel at the same temperature, 

[Ans. 475 mm.] 

39. Dry aii contains by volume 1 part of oxygen and 4 parts of 
nitrogen. The pressure of air is 76. era. Calculate the partial 
pressures of oxygen and nitrogen. 

[Ans. Po =15*2 cm. ; pjv =60*8 cm.], 
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40. 45 gms. of electrolytic gas is contained in a 60 litre gas- 
holder at O'C. What is the partial pressure of each constituent ? 
What is the total pressure ? 

[Ans. Ph — 0*933 atm., Po =0*467 atm., 1*4 atms.l 

9 a 

41. 190 ml. of a gas, collected over water at 25 C and a pressure 
of 740 mm of mercury. Calculate the volume the dry gas would 
occupy at N.T.P. [Vapour pressure of water at 25"C is 23*8 mm.] 

[Ans. 179 0 ml.1 

42. 0 218 gm. of magnesium gave 218*2 c.c. of moist hydrogen 

at \TC and 7M‘5 mm. from HCl. Find the weight of the metal 
that will liberate 1P2 litres of hydrogen at S.T.P, (Aqueous tension 
at \TC is 14*5 mm.) [Ans, 12*21 gm.l 

43. At standard conditions, a gas mixture of three gasses A, B 
and C, contains 77% of A, 21% of B and 1*5 ’^, of C by volume. 
Determine the partial pressures of A, B and C. 

44. A two litre glass vessel contains nitrogen and water vapour 
in equimolccular proportions at a pressure of 10“*' mm. mercury at 
303'K. Calculate— 

(i) the number of moles of nitrogen and water vapour 
present and 

(ill the total mass of the gaseous mixture when the mKtiirc 
is cooled to SO^C ^ 

No of moles of and HaO (gas)= 5*29 x 10~® m 'les ; 
Total mass of the mixture -2*43 \ lO*** gm ] 

45. The total piessure of a mixture of I gm of hydrogen and 
10 gms of carbon mt>noxide is 800 mm. Find the partial pressure 
of each of the gases in the mixture. 

P//3~466 7 mm. ; Pco" 333 3 mm.J 

46. Equal volumes of hydrogen and nitiogen diffuse througn a 
porus wall in 16 and 60 seconds respectively. Calculate the mole- 
cular V eight of nitrogen. 

47. 1 litre of nitrogen weighs 1*25 gms. whereas 1 litie of 
chlorine weighs 3*21 gms. Which of the two gases diffuse faster ? 
Determine the relative rates of diffusion of the two gases. 

[Ans. 1 : 1*16] 

48. 180 ml of a hydrocarbon diffuse through a porus membrane 

in IS minutes while 120 ml of sulphur dioxide, under identical 
conditions, diffuse in 20 minutes. What is the molecular weight of 
the hydrocarbon ? [An^, 16] 

49. Find the ratio of the rates of diffussion of methane (CH^) 

and sulphur dioxide (SO,). [Ans. 1 : 2] 

50. In an experiment, it was found that 500 c.c. of a gas A 

diffused through a hole into a vaccum in the same time as 620 c.c. 
of air. Calculate the density of A relative to air. (Air is 14 4 times 
Sieavier than hydrogen) [Ans. 1*54] 
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51. Oxygen is mixed with another gas. On diffusion, the 

mixture produces another mixture containing 61’77% of oxygen. 
What is the molecular weight of the other gas ? [Ans. 83*12] 

52. Th relative amounts of the two gases produced by diffusion 

of a mixture ( f the gases are in the ratio of 1 : 3*5 If the density 
i f the second gas is 0*001246 gm/c c. find the molecular weight of 
the first gas. 2*29] 

53. The lime taken for a certain volume of ozone containing 
20\ of oxygen (by volume) to stream through a small hole was 175 
seconds. Under exactly the same conditions, an equal volume of 
oxygen took lo8 seconds. Calculate the density of ozone. 

54. 50c.c of hydrogen take 10 minutes to diffuse out? of a 

vessel. How long will 40 c.c. of oxygen take to diffuse under 
similar conditions ? [Ans, 32 minutes] 

55. The time taken for a certain volume of gis to stream 
through a small hule was 1*44 min ; under exactly the same condi- 
tions, an equal volume of oxygen tooK 1*80 min to pass through. 
Calculate the approximate density of the gas relative to hydrogen. 

{Am 10*2] 

56 The molecular weight of carbon dioxide is 44. Calculate 

the moleculai weight of ozone if % c c. of it difiuse through an 
orifice f^rom which under similar conditions 100 c.c. of carbon 
dioxide will pass in the same time. 1 A,ns. 47 74] 

57 If the relative rates of diffiision of oxygen and sulphur 

dioxide be 141 4 and 100, find the density and molecular weight of 
sulphur dioxide. [Am, 3 1 '99 ; 63*981 

58. 25 cc. of oxygen were found to difFi.se out of a poms 
vessel in 100 seconds. What volume of carbon dioxide would 
diffuse in the same time under the same conditions ? [Ans, 21*32 c.c.j 

59. A gaseous Hydrocarbon contains l4*28‘o hydrogen, '^e 
rates of diffusion of hydrogen and this liydrocaibon, are 1 : 

Find the formula of the hyd’ icarbon. [Ans, CgH^) 

CHAPTER 9 
Chemical equilibrium 
1 

1 Exnlain with examples the meaning of a reversible chemical 
reaction. What are its char, .itristics ? “All chemical reactions 
are reversible Comment on the statement. 

2 What do veu understand by chemical equilibrium ? Show 
how a state of chemical equilibrium is attained. What are the 
properties of the equilibrium state ? 

3 State and explain the law of mass action. What is active 
mass of a substance ? Derive an expression for the equilibrium 



[ 44 ] 


constant of a homogeneous reversible reaction in the most generar 
case. Deduce a relation between Kp and Kc. 

4 State Le Chatelier’s Principle. Apply this principle in 
predicting the influence of tecnperature, pressure and addition ot 
any of the substances taking part m the reaction upon some 
familiar reaction equilibria 

5. What is understood by a chemical system in equilibrium:'^ 
Why is such equilibrium considered as dynamic ? Formulate the 
equilibrium constant Kp and for each of the following reactions. 

{a) N2fO,r^2NO (/)) N,+3H^^2NH3 

(c) 2S0„-i-02^2S0, (d) PCIb^PCIs+CU 

(e) if) N,0,;5^2N0, 

(g) NO^+SO ;Fi^NO-hSO, (/i) CO f Cl .-.P^COCla 

6. Discuss the effect of inciease of pressure on the following 
reactions. 

(a) (h) N.. + 3H25=i2NHa 

(c) 2SO2 (d) PCl,;ciPCl,+Cl, 

(e) N,0,^2N0 if) N,0,^2NO, 

7. (a) State and explain the law of mass action and deduce an 
expression for the equilibrium constant for the reaction 

A+2B^C+3D. 

What will be effect of (a) increasing the pressure, (b) incieasing the 
temperatuie on the equilibrium if the reaction is exothermic ? 

(bj The reactions 2CO-t 02^2C02 and CaCO,^“CaO-f CO* 
are not complete. How can the icactions be brought to completion? 

8. Write notes on : (a) Le Chatelier's Principle (b) Dynamic 
equilibrium (c) Active mass (d) Law of mass action. 

9. State and explain Le Chatelier’s Principle in jease of a 
dynamic chemical equilibrium. Illustrate its application to deter- 
mine the influence of temperature and pressure on the^condition of 
equilibrium in the following cases. 

(fl) N*4-3H*5:i2NH8-f 24,000 cals. 
ib) PCIb^PCU+CI* - 17,000 cals. 

(c) N8+0«^2N0-43'2 K. cals. 
id) 2S0*+0*;?^2S03+45 2 K. cals. 

10. Discuss the application of Le Chatelier's Principle«in*the 
working conditions of some important industrial, processes. 

11. (a) Chemical reictions arc more or less reversible in nature 
but under some conditions they may go almost upto completion. 
Discuss the staicmeot with suitable examples. 

(b) State how the fdloviog reaction can be made to proceed 
almost upto completion : 

N.+3H8;?2^2NH8+Heal. 
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12. Mark the correct answer by J 

(a) In a reversible reaction, 2A+B^C+D the equilibrium 
constant (K) is given by the^expression 

(i) tA]’‘xLBJ □ 

LCJxIDI 

r//) a 

^ ’ LCJxLDJ 

HU) LCJ_x[DJ ^ 

(,-vj JPi2ii51 o 

‘ 2[A]k[B1 

(b) For the reaction, Hs(g)+l2(g);^2ll!(g), The equilibrium 
constant K^, changes with 

(i) total pressure □ 

(//} catalyst o 

(Hi) the amounts of and present 

(iv) temperature □ 

(c) For the leaction, 2 HI^Hb l-Jo, the relatioti between Kp 
and is 

(I) Kp.K, □ 

(ii) Kp-K, □ 

(/n; Mp-K,'' o 

(iv) Kp *1“ I "j 

(d) Fav.HirabV: conditions A r the y M * [ th\r pro i. ct 

AB., in the reaction, 

AE(g)+2By(gj:5=i2 Abo(g)-hcat energy are 

hjgh pj,,asuic, high temperauirc a 

(//) high piessure, low temperatnic D 

(la) low pressure, h gh temperature a 

(r>) low pressure, low tempefrituie □ 

(e) in a reversible reaction, a catalyst 

(/) increases the rate of the f« rward reaction only □ 

(a) increases the r^te of th^ A>rward reaction to a greater 
extent than that of the reverse reaction □ 

(a/) increases the rate o lorwaid reaction and decreases the 
rate of reverse reaction □ 

(iv) increases tiic rales of forward and reverse reactions 

equally o 

(v) increases the rate of forward reaction and stops the revcr:C 

reaction O 

n-18 
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II 

1. At 500 C, 1 04 gm of hydrogen and 12»060 gm of iodine are 
in cquilibiium with 5,058 gm of hydrogen iodide. Calculate the 
equilibrium constant. [Ans, 63’2] 

2 CalcnlUc Kp when 69'^ of Hf by mole is found to be present 

dt equilibrium during dissociation of HI. [Ans. 0*178] 

3 If the value of K be fO 21, for the reaction II 2+l25^2HI, 
how much HI would be present at the equilibrium if we start with 
5 30 moles of iodine and 7 94 moles of hydrogen ? 

[Ans, 9*72 moles] 

4. If a mixture of 3 moles of hydrogen and 1 mole of nitrogen 
react under a consiant pressure of 100 atms. to form at equilibrium 
0*5 mole of ammonia. Calculate Kp for the reaction, 
5Ha+}Na^NHa, at this temperature. 

5. At 25 C, 1 mole of acetic acid and 1 mole of ethyl alcohol 

were mixed. At equilibiium, 33 3% of the acid remained unreacted. 
Calculate K^- [Ans. 4] 

6 A mixture of 3 gm. moles t^f ethyl alcohol and 1 mole of 
acetic acid arc alleged lo come to equilibrium. If the equilibrium 
constant for the reaction is 4, how much eOiyl ac<‘tate is present at 
the equilibrium f An?. 0 91 gm.-mole) 

7. At 250 C, tlo equilib^i * Cv»*''‘tdnt f* r liie rcaetion, 

PCl^v^PCl., rC4, Kp 1 8. Cell \dU ihcpressuic ut tmo pneres 
netes .ary lO vtbtain a 50 dissoci »t«on of PCI,,. 5 4 atmsj 

8. 2 NO IS rbtai«’ed al cquilibnuin p >aiued by the n.ction 

N^+ 09 ^ 2 N 0 when "tarred wilH m 'le of aiid 1 iiole of Og. 
Fiiid out Kp i 1/7'. 0*00167] 

9. A miKlure of 6 22 mole* v4 hydrogen a ;d 5 71 moles 
of iodine was heated at 357 C and the amount of free iodine 
in the equilibrium mixture was found to be 0 91 mole. 
Calculate the equilibrium constant for the reaction ^-12^2111. 

\Ans 0 0140] 

10 2 gm-raolccules of phosphoius pentachloride wcie heated 
in a closed two-litre vessel. When the equilibrium was attained. 
It was found thdt 60 per cent of the phosphorus pentachloride 
remained uudissociated. Calculate the equilibrium constant 

[Ans. 0*267] 

11. Ammonia under a pressure of 15 atm at 27 C is heated to 
347 C in a closed vessel in the piesence of a catalyst Under these 
conditions, ammonia is partially decomposed according to the 
equation : 2NH3^N,+3 Hb 

The vessel is such that the volume remains effectively constant, 
whereas the pressure increases to 50 atms. Calculate the percentage 
of NHs actually decomposed. 
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Group B 

CHAPTER 1 : Oxygen and Hydrogen 


1. Write notes on : (a) Catalyst and Catalysis ib) Allotropy 
[c) Naicert stale and nascent hydrogen {d) Occlusion (e) Silent 
electric discharge (/) Hard water and soft water {g) Permutit 
fh) Hydrides. 

2. What is the name o^ g is which is obtained by heating 
mercuric oxide in a hard glass test lube ? How is the gas prepared 
from potassium chlorate in the laboratory ? Why is manganese 
dioxide mixed with potassium chlorate ? 

What are the precautions to be taken during the laboratory 
preparation of oxygen ? State the important uses of oxygen. 

3. flow would you prove experimentally that each of the 
following compounds contains oxygen ? 

ifl) Lead nitrate (h) Sulphuric acid (c) Nitric acid (d) Hydrogen 
peroxide '' 

The word oxygen means ‘‘acid producer”. Give two examples 
to sh >w that name as given to oxygen is justified and two (dher 
examples 1) show that the name is a misnomer. 

4. Describe (with * of the onpiratiis used) the labi»ratory 

method jC p^cpi.r ui *n oi j^vgen How is oxygen obtained from 

air " Hm w'H.ld \«>-J iden1i»y ihis ga*? ? State the c-mditions 
jfidii oxygen roacws with the following non-metaK and 

metuls. 


fzi hydi >gen {h, nitrogen (c) sulphur {d) phospliorus 
t sodium (/) maguesiuM. 

5. H w is hydroeen prepared in the laboratory ? How is the 
^as collected and puntied What are the precautions to be ad»'pted 
during Ihc preparation ‘o I the gas? State some ot important uses. 
How can hydrogen be converted into water without using oxygen 7 

6 Make a neat diagram of Kipp^s apparatus and give a 
description. Expla.n how it is used for getting a ready and 
jontroJled supply of hydrogen in the laboratory. 

7. Describe how hydrogen may be prepared and collected by 
decomposition of water (i) by a metal at ordinary temperature 
(ii) by a metal at red heat (iii) without the application of chemicals. 

State the physical and chemical properties of hydrogen. Describe 
experiments to show tint (a) water is formed wl*®” 
burnt in oxygen {b) hydrogen is lighter than air (c) bydroron is a 
reducing agent (d) nascent hydrogen is more powerful reducing 
agent than ordinary hydrogen. 

8 What are hard water and soft water ? What is the hardness 
of water due to ? What are the causes of temporary hardness and 
permanent hardness ? 
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Describe one effective method of removing both temporary and 
permanent hardness of water. 

Mention with reasons whether the following samples of water 
are hard or soft. 

(a) River water, (6) Rain water, (c) Spring water, (d) Well- 
water, (e) Distilled water. (/) Water obtained by melting ice. 

9 Why is hard water unsuitable for laundry boiler and 
drinking purposes Impure, hard water taken from a naturrl 
source is puniied separately by distillation and by the permutit 
process. Which of the samples of water thus obtained will be 
purer? Does the water become bird if a little zinc sulphate or 
pota-sium nurate is added to it 

10 Write a short account of the different methods of removal 
of hardness of water. Stale the itions wnere possihl* How can 
you oStiin water of the qualit> of distilled wate*- without 
distillation 

11. State with equations, the conditions under vilh water reacts 
with the following substances : (a) sodium (b) calcium (c) iron 
(d) carbon (e) lime (/) calcium carbide C^) sodium peroxide 

(b) phosphorus pentoxide (i) magnesium. 

12. How would you test if a sample of c‘'lourless I quid is 
water ? Prove that water is a compnmd. 

13. How would you determine the volumetrii cotuposition ot 
water hv en analytical method and a synthetic method 

t4. Describe Duma's experiment on thf c '’np(*si{inn wjter 
by weight. Mention the prccuitions w^ich ‘h aid be tolvcn. 

15. Wife hvdiogen and oxv.-en in die r.^d'^ of ^ . h 

by weight. P'ove the tiuth ( f ihe siatcra^-id by tw o exociinie 

16. How would >ou collect the ebti^-ed bv pis^ug 

electricity through nurc water c^^ntjii mo litik'* dibne sulphunr 
acid Give a neat! sketch ol tbt appa^aliu you would use. How 
arc these gases identified ? Stale the conditioiis under which they 
recombine to form water. 

17. How is hydrogen peroxide prepared in the laboratory ? 
How is it purified ? Describe its important properties and uses. 
Hydrogen peroxide reacts as an oxidising agent and a reducing 
agent Discuss with suitable examples. 

18. Give a brief account of the different methods preparation 
of hydrogen peroxide. State what happens wh^m a dilute aqueous 
solution of hydrogen peroxide is evaporated on a water bath. 
Describe experiments to show that (a) hydrogen peroxide is an 
oxidising agent (b) hydrogen peroxide is a reducing agent 

(c) hydrogen peroxide liberates oxygen on heating (d^ hydrogen 
peroxide possesses acidic properties 

Which type of substances are reduced by hydrogen peroxide ? 
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19. Giving necessary equations, discuss the action of hydrogen 
peroxide on the following substances — 

(n) acidified potassium permanganate solution (b) lead sulphide 
(c):acidified potassium iodide solution (rf) ozone (e) silver oxide. 

*> - How is the strength of hydrogen peroxide expressed 7 How will 
you'confirm that a given liquid is hydrogen peroxide ? 

20. Describe a method of preparation of ozone in the laboratory. 
Give a sketch of the apparatus used. Give a brief account of the 
physical and chemical properties of ozone. Mention some of the 
important uses of ozone. 

21. (a) How can you prove that ozone is an allotropic modi- 
fication of oxygen ? (b) Why is ozone chemically more reactive 
than oxygen V 

Compare the physical and chemical properties of ozone with 
those of hydrogen peroxide. 

How is the presence of ozone detected ? 

22. Complete and write balanced equations. 

(a) H,0,-f-K,Cr,0,*i-..->Cr,(S0j3i-- + ... + H,0 

(/;) KNO.-^KNO., 1 ••• (c) HN0.-»... + H,^0+0, 

(d) Hjj 02 "+‘KMn 04 -f'’*’'“^K 2 S 04 4-»**0g-l--'» 

(e) Fe+il,0->-.-f-lL »/) NaH+H^O-^ • -h *. 

ig) AlN-hH20->...+-... 

(i) Kl4-...*i-H„02-^l2-fKCl+... (;) PbS ..-4- .. 

23. Explain, with equations where necessary, the changes 
taking place when — 

(a) The product f f combustion of sodium in air is treated 
separately with water and dil. sulphuric acid, fh) Lead nitrate, 
silver nitrate, potassium dichi ornate, potassium permanganate are 
heated separately, [r) Potassium chlorate mixed with tnangauese 
dioxide is healed, t ^ Two gas jars 'iic ontaiiiing nitric oxide and 
the other hydrogen aie exposed to air (e) O/one and ethylene are 
made to interact with each other (/j Sulphur dioxide solution is 
kept exposed in air. Ozone is passed into ferrous sulphate 
solution acidified wall aulphunc acid. 

24. Discuss how you wuuio a^-parate (a; hydrogen from water 
gas (b) oxygen from a mixture ijf hydrogen and oxygen (c) oxygen 
from a mixture of oxygon and nitrogen (d) oxygen from a mixture 
of ozone and oxygen. 

You are given three jars of colourless gases containing hydrogen, 
oxygen and nitric oxide. How would you identify each by a single 
experiment on each ? 
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25. State the reasons why— 

{a) Cone, sulphuric acid is not used for the preparation of 
hydrogen by the action of zinc, {b) Copper cannot liberate 
hydrogen from dil. sulphuric acid (c) Hydrogen is not generally 
obtained from nitric acid by the action of metals, {d) Soap does 
not easily form lather with hard water (e) Hard water should not 
be used in a boiler. (/) The colour of a solution of ferric chloride 
acidified with dil. sulphuric acid remains unchanged when hydrogen 
from a Kipp’s apparatus is passed through it, but the acidified ferric 
chloride solution becomes colourless if a piece of granulated zinc is 
added to it. (g) Hydrated barium peroxide not anhydrous barium 
peroxide is used in the preparation of hydrogen peroxide. 

(A) Conce HaSO* is not used in the preperntion of HaO,. 

26. Fill in the blanks with appropriate words. 

(a) The absorption of hydrogen by palladium is commonly 
known as... 

(b) In the thermal decomposition of potassium chlorate^, 
manganese dioxide acts as a. . 

(c) Temporary hardness of water can be removed by .. 

(d) Ozone is absorbed by— 

27. Describe the experiments to illustrate : 

(o) A catalyst can influence the rate of a chemical reacti >ti. 

Molecular hydrogen and nascent hydrogen differ in 
properties. 

(c) Water is a compound of hydrogen and oxygen. 

(d) Oxygen can be prepared from one of its compou!.d^ at 
ordinary temperature. 

28. Indicate whether the following statements are true oi false, 

(a) Ozone is a stable compound (A) Oxygen is an allotropic 
modification of ozone (c) Hard water should never be used for 
drinking purpose (d) Oxygen is more reactive than ozone (e) 
Oxygen is an isotope of ozone (/) Hydrogen peroxide is a 
hydride (g) Hydrogen peroxide is an acid (i) There arc substances 
other than oxygen which support combustion. 

29. (a) Calculate the weight of CaO required to remove the 

hardness of 10,00,000 litres of water containing 1*62 grams of 
calcium bicarbonate per litre. [Arts, 5'6 x 10“ gm.] 

(h) Find the hardness of a sample of water containing 0*001 
mole of MgS 04 per liter. 

(c) A sample of hard water contain.s 20mg of Ca"*"^ ions per 
litre. How many milliequivalents of Na^ COg would be required 
to soften 1 liter of the sample ? 

[Ans, 1 milK equivalent of Nag COs) 
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30. 50 ml of a hydrogen peroixde solution give on heating 
2 liters of oxygen at N. T. P. Find the volume strength of the 
sotulion and the strength in percent, [vlnj. 39 99 volume ; 12*14%] 

31 100 ml of ozone at N.T.P. were passed through 100 ml. 

of MO volume’ hydrogen peroxide solution. What is ihe volume 
strength of the latter after the reaction ? \Ans 9 5 volume.] 

CHAPTER 2 : Air and Nitrogen 

1. Both air and nitric oxide contain oxygen and nitrogen; 
show that one of them is a mechanical mixture and the other is a 
chemical compound. 

2 Write down the names of the constituents of air. Stale 
their utility. Desciibe an experiment to show that air contains 
mainly two gases in the ratio of I : 4 and one of the gases supports 
combustion and the other does not. 

3 ‘‘Air is a mixture and not a compound”. What arc the facts 
to justify this statement ? 

4. How is nitrogen prepared and dried in the laboratory ? State 
some reactions in support of its chemical reactivity. Write some 
impoitant uses of nitrogen. What is nitiolim ? 

5. Describe one method each for the preparation of nitrogen 
from (a) air ib) ammonium nitrite (e) ammonia {J} nitric acid. 

Nitrogen obtained tiom ‘tir is fourd to be heavier than that 
prepared from .immonium norite. Explain the *eason 

6 How and under what conditions does nitrogen icact with 
the following substaiu cs 

(a) Magnesium (b) Aluminium (c) H>dri‘'gen Culcuim 
carbide (e) Oxygen 

Write the names of the products and discuss the action cT water 
on each of them 

7. (A) State giving equations ana mentioning the visible 
change, if any, what hipnenf when : — 

(i) a concentrated solution of sodium nitrue and ammonium 
chloride is heated 

(ii) a piece of magnesium wire is burnt in air and the products 
are boiled with water 

(iii) nitrogen is passed through heated calcium and the 
product is made to react with water. 

(B) Complete and balance the equation if necessary. 

(i) CaC«-f -CaCNa-h 

(ii) ... 

(C) You are given two jars of colourless gases containing 
nitrogen and nitiic oxide. How would you identify each by a 
single experiment on each ? 

(D) Write notes on : Nitrogen Cycle. 
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CHAPTER 3 : The non-metals, Carbon, phosphorns, Snlphnr 

and Halogens 

1. Name the different allotropes of carbon. Give a brief 
(Account of the properties and uses of each of them. How is 
ipraphifc prepared artificially ? Prove experimentally that different 
^dlotropes of carbon consist of the same clement. 

2. How is phosphorus obtained from phosphate mineral or 
bone ash ? How can white phosphorus be converted into red 
phosphorus and vice versa ? 

Give two example) showing the reducing property of phos- 
phorus. Give equations. Does phosphorus occur free in nature ? 

Compare and contrast the properties of phosphorus with those 
of nitrogen. 

3. State with equations, how phosphorus reacts with (u) caustic 
soda solution, (h) copper sulphate solution, (r) Chlorine and 
(d) nitric acid. Give a comparative account of the properties of 
white and red phosphorus. 

4. Give a concise account of two methods of extraction of 
sulphur from natural source. State some of the important uses of 
sulphur. Discuss the statement that sulphur shows allotropy. How 
can you prove that rhombic and monocliaic sulphur are the same 
element ? 

5. How is pure chlorine (free from hydrogen chloricfe) prepared 
in the laboratory ? Can chlorine be prepared with the help of a 
Kipp’s apparatus ? State the physical and chemical properties of 
chlorine. Explain with equations, the leaction of chlorine with the 
following. 

(a) Caustic soda solution, {b) Sulphui dioxide solution, 

(c) Slaked lime, {d) Hydrogen sulphide, {e) Cirbon monoxide 
( / ) Ammonia solution. 

Mention the principal uses of chlorine. 

6. Discribe biiefly the methods used in the iabor^itory for the 
preparation of bromine :ind iodine. Show ih it bromine and iodine 
show similarities in chemical reactions. State some of the uses of 
bromine. 

7. State with equations, the reactions of iodine with the 
following reagents. 

(a) Water, (A) Alkali solution, (r) Potassium iodide solution, 

(d) Nitric acid. 

8. What are halogens? Give a comparative account of the 
properties of chlorine, bromine and iodine 

9. How will you prove that. 

(a) calcium phosphate contains phosphorus, 

(b) hydrochloric acid contains chlorine. 
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(c) chlorine is a stronger oxidising agent than iodine, 

(d) white phosphorus and red phosphorus are different forms 
of the same element, 

(e) potassium chlorate c mtains chlorine and oxygen, 

(/) activated charcoal is a '»ood dscrbent. 

10 Answer as directed— 

(fl) ^ ou d'-e given a black substance wnich is either manganese 
dioxide or powdcrtd carbon How will you proceed to identify the 
substance ^ 

(h) Oxj^ien is prepared by heiting potassium chlorate with 
manganese Oioxide Cone Uvdrvichlonc acid on being heated with 
manganese dioxide gives (hlorine What n tin role of manganese 
dioxide in both the reactions ^ 

(r) A brown solid i« either gr iphite or u d nc How can you 
identify the sol»d 

(d) How would you free traces of chlorine from oxygen and 
detect the presence of traces ot chlorine in a SuPipie of hydrogen 
chloride 

(e) How would you sep irate the c '*nstitiients of a mixture of 
pot issium iodide and lodir e 

(/) emiU 1 ^rcei gliw Msible n the a ark Fill up the 
olank correctlj with ci^-her wtiilc phosphorus or <ulphur 

(g) Lead pe^ cil contam'* lead Is tne slalcment correct If not, 
correct it. 

{h) The melting point ol diimond u verv ligh Explain the 
reason 

11 Wiiteioteson a Graphite, {h) \d's >roticn, i' Acti 

vated charcoal, {d) Ivoiybh k Phf sph ^veic f\ Blea- 

ching action of clil^rin^ 4 ' t r wh p' ce s 

Compl te Ihf equUion'w 
0 } K Cr O ^HCl-KCiCUsf -C' 
yii) U + IINO, -r H O 

13 IS a colourless *olid meuing at 14 C when heated with 
caustic soda s dution it yields a jas which is spontaneously 
inflammable 1 1 air , If is exp )sed u b* lit it slowly becomes 
scarlet red, but the change raav be h"stti)od lousiderably bv heating 
the solid in absence of air to ai it 260’u Id ni*ly the solid *A\ 

14. A black powuer when heited with N jCl and c >nc H,S 04 
gives off a gretnish \cllo'v gis The gas on (u) passing through 
liquor ammonia libeiates N^, (0 on passing through boiling KOH 
yields compounds one of which when heated with the black powder 
evolves O^, Name the gas and the black powder. Explain the 
chemical reactions involved with equations. 
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CHAPTER 4 : Oxides of non-metab. 

1. Describe with a neat diagram, the laboratory method of 
preparation of carbon monoxide. How is it collected ? Compare 
the propel ties of carbon monoxide with those of carbon dioxide. 
Why is It dangerous to burn coal in a very limited supply of air 

2. State with equations what happens when carbon monoxide 
reacts with the following substances : 

(a) chlorine, (b) caustic soda, (c) nickel powder, (f/) ammo- 
niacal cuprous chloride. State two important uses of carbon 
monoxide. 

3. How is carbon dioxide prepared in the laboratory ? How- 
does it react with the following substances ? 

(a) Lime water, (b) Ammonia, (c) Burning magnesium^ 
(d) Burning potassium. State some of the uses of carbon dioxide. 

4.. How is carbdn dioxide converted into carbon monoxide and 
vice versa ? Describe experiments to prove that both gases con- 
tain carbon What is meant by dry ice ? 

5. Amswct the following questions correctly : 

(a) Why IS not dil. sulpnnc acid used in the preparation of 
of carbo” di \ de m the laboratory 

(b) Name oiie reagent that can be used at room •temperature, 
to distinguish between the tv'o in each of the foil >wing piirs. 

(/) Nitric oxide and nitrous oxide, ^fi) Sulpiiur di-oxide and 
carbon di-oxide. 

(c) Sti^e the reasons why SO, has boih oxidising and reducing 
properties. 

(d) H^w will you fiee tiaces of (0 sulphur dioxide from car- 
bon dioxide, (ii) carbon monoxide from caTbon dioxide. On) nitric 
oxide from nitrous oxide 

(e) How will you identify carbon dioxide and carbon mono- 
oxide ? 

(/) You are given two jar^ of colourless gases containing 
hydrogen and carbon monoxide. How will you identify each bv a 
single experiment ? 

(g) Give reason why carbon dioxide cannot be used for 
extinguishing fires caused by the ourning of metallic magnesium. 

6. Write notes on : (a) Diy ice, (b) Silica gel, (c) Fire- 
extinguisher. 

Why is an ordinary soda-acid type of fire extinguisher incapable 
of extinguishing magnesium-fire ? 

7. Complete the equations : 

(a) FeS0^4- ..+H«SO, = FeSO,.NO+... 

(b) SO«+Cl,-f,..=H,SO^ + ... 
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(c) HN 0 ,+P, 05 =N, 0 «+... 

{d) FeCla+S02+...=r...+HaS04+... 

8. State with equations what happens when ; 

(a) Chlorine is passed through a mixture red hot silica and 
coke, {b) Sulphur dioxide is passed through a solution of potas- 
sium dichromatc acidified with dilute sulphuric acid, (c) Sulphur 
dioxide is passed through an acidified solution of potassium per- 
manganate. (d) Carbon dioxide is continuously passed through 
lime water and the products are boiled. 

9. How does silica occur in nature How is pure silica pre- 
pared ? Under what conditions does it react with (o) Carbon 
(h) NaOH. (c) HF ? State the equations. 

Mention some of the uses of silica. Compare the properties of 
silica and carbon dioxide. 

10. Write down the names of the five oxides of nitrogen. Give 
a brief comparative account of the properties of the‘c oxides. Why 
IS nitrogen tri-^xide called a mixed anh>dride ? 

11. Describe briefly (with sketches) the laboiator\ nietliods of 
preparation of nitrous oxide and nitric oxide. Stale sonic of the 
impoiianl physical and chemical properties of oxides. Write 
down the equations of princioil reactions tabu place in the 
n ig cst. 

12 Nam'! tw(’ iraportint oxides of ph.^spho, us. How would 

prepare them ? DiSvU>s the aciion t f waiei t* i o. cb oT them. 

13. How will you prepre sulphur dioxide n the liboratory 
starting from siilpluinc acid. Explain, with equations, the leaction 
of sulphur dioxide wdth the following : 

(a) Aqueous solutuin of chlorine, ('A Lime via ter, ic) Feme 
chloride solution, ('/) Hydrc'gen sulphide, (el Soduun hydroxide 
solution 

How will you prove that “lulphur dioxide contains sulphur ? 

14. Illustrate experimcn*^ally four important cliemical pro- 
perties of sulphur dioxide. How is sulphur dioxide converted into 
sulphur trioxule ? Comment on the bleaching actio j of sulphur 
dioxide. 

15. A sodium salt (\) on heating gave a solid (B) and oxygen. 
B on treatment with dilute acid evolved a biown g’s B on heating 
with NH 4 Cl gave a coDurl'^s gas ami a solid residue C- Aon 
heating with NH+Cl evolved a colourless gas and a residue same 
as C. Identify A, B and C and write equations for the reactions. 

[A=NaNO, ; B=NaNO, ; C=NaCI ] 

16. A mixture of three gases A, B and C are passed first into 
an acidified dichromate solution when A is absorbed turning the 
solution green. The remainder of the gas is passed through an 
excess of lime water which turns milky, resulting in the absorption 
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of B. The residual gas C is absorbed by an alkaline pyrogallol 
solution. However, the original gaseous mixture does not turn the 
lead acetate paper black. Identify A, B and C. 

[A-SOo ; B-CO 3 ;C==OJ 

17. A white powder A when heated gives off a gas which turns 
lime water mdky but do's not turn the paper soaked in acidified 
potassiu'o dic'iromjife solution green. The solid residue left is 
slightly soluble in water giving an alkaline solution. Identify A. 

CHAPTER 5 : Oxy acids 

1. How is nitrous acid prepared ? Stale some reactions with 
equations to indicate that It acts as an oxidising agent. How are 
nitrous acid and a nitrite defected ? 

Explain why nitric acid has oxidising property only but nitrous 
acid has both oXidii>iig and reducing piopcrties. 

2. How IS nitric acid prapared in the laboratory ? Give a 
short account of the chemical properties of the acid. How does 
the acid wit ’i (a) Cu (/>/ Zn (c) Mg. State reason of ihe 
following ; 

Iron dissolves in dilute nitric acid but not m concentrated nitric 
acid. ^ 

What IS aqua legia How cm you account for its strong 
oxidising p operty 

3. Discuss, with equations, the action of nitric acid on Ihe 
following non-metals and the compound : 

(a) Carbon (/j' Iodine a Phosphorus ((/) Ferr )us sulphate 
solution acidified withdiL sulphuric acid 

4. How can phosphoric acid be obtamed from bone ash ^ 
Discuss the action of heat on this acnl Give a bnef account of the 
properties of phoNpJiorus acid and pliO'-phoric acid. 

5. How w ^uld you p^rpare an .queous solution of sulphurous 
acid Discu*s us acid and reducing properties with suitible 
examples How is a sulphite detected 

6 . Describe, in brief, the laborat ry method of pieparation of 
sulphuric acid. Write dowm the equations of the reactions involved 
in the process State some of the important uses i f the acid 

Prove experimentally that (a) sulphuric acid is a dibasic ncid, 
(fi) it IS a strong oxidising agent (r) it is a dehydrating agent and 
(d) it is Jess volatile than HCl and HNO^. 

Name two gases which are dried by concentrated sulphuric acid 
and name th^ee gases which cannot be dried by cone. H^SO^ 

7. State with equations, the action of sulphuric acid on 
(a) sulphur (b) carbon (c) copper (d) lead (e) potassium nitrate 
(/) barium nitrate. How is sulphate radical detected ? 
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8. Sulphuric scid acts as an acid, an oxidising or as a de- 
hydrating agent. In which way does it react when it acts on (/) 
Sugar (ii) Sulphur (Hi) Calcium carbonate (zv) Copper ? 

9. Describe experiments in brief to show that, 

(n) sulphuric acid contains oxygen, sulphur and hydrogen 

(6) nitric acid contains hydrogen and oxygen 

(c) phosphoric acid contains phosphorus. 

10. State the reasons (with equations) why 

(a) hydrochloric acid instead of sulphuric acid is not used in 
the preparation of nitric acid (h) cone, sulphuric acid is not used 
for drying ammonia, hydrogen sulphide and hydrogen iodide (c) 
iron and zinc standing over hydrogen in the electro chemical series 
are unable to liberate h 3 'drogen from dilute mine acid, [d) dil, nitric 
acid is not used in the preparation of hydrogen sulphide from 
ferrous sulphide [e) Starch solution turns bh.c when added to a 
solution of potassium nitrite and potassium iodide acidifieo with 
dHute sulphuric acid. (/) Aluminium containers can be used 
for storing concentrated nitric acid. 


CHAPTER 6 : Hydrides of non«inetals 

1. How IS ammonia prcpjied in ihc laboratory ? Give a sketch 

t'f ihe app.j(rafns mment or the niiihs d ot drying of gas. 

State the mincjp'il propert'ts and of anmoi j,. 

Descnbe expenmcMts t vsh» tz) a >ni i 5 uit>iOy soluble 

in Wciici and the s dution U aik.Ji ic is a 

ledMcing .-t high lenipe/Jture Uiii c- n* u'ns hy.1'’ogcn 

md j it' g'. [ 

2. How ind under V hal ct .‘ihiH’ns dfc^ r’set with 

the folio ' anbst.incc*: 

{i) Metallic sodium (U) Cupric oxide (in) Lead monoxide 
(/v) Caibon dioxide {t^) Oxygen ivi) Coper sulphate solution 
(viz) Ferric chloride solution ^,v/7z) Sdvtr mrralc solution (/x) Silver 
chloride suspended in water. 

What happens when the product obtained by the action of 
ammonia on sodium is treated with water ? Explain the above 
reactions with equations. 

3. How^ would you preoare and collect phospliine in the 
laboratory ? What is a vortex ring ? Describe with equati^ms the 
action of phospliine on (fl' chlorine, (b) copper sulphate solution, 
(cl silver nitrate solution, (d) hydiogcn *odidc. Compare the 
propejfie> of phosp.iine with these of arainoi ia. 

4. Describe the laboratory method of p-eparalion of hydrogen 
sulphide. Draw a neat skelch of the Kipp’s apparatus and explain 
how it is used for the preparation of sulphuretted hydrogen. Name 
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any two other gases which can be prepared readily with the help of 
the apparatus Name the chemicals required for the generation of 
the two gases and give the equations of the reactions. 

5. Explain the uses of hydrogen sulphide in the analysis of 
inorganic salts. 

6. Give a brief account of the laboratory method of preparation 
of hydrogen chK>ride. How is its aqueous solution prepared ? State 
the important properties and uses of the compound. 

7. Describe with neat diagrams the methods of preparation of 
hydrogen bromide and hydrogen iodide in the laboratory. Explain 
why these substances cannot be prepaif^d by the same method used 
in the preparation of hydrogen chloride. 

8. Give a comparative account of the properties of hydrochloric, 
hydrobromic and bydroiodic acids. 

(fl) State the chemical reaction by which potassium bromide 
and potassium iodide can be distinguished. 

(b) Show with suitable reactions which of the two acids HBr 
and HI is more easily oxidised. 

9. State giving equations and mentioning the visible change, 
:f any, what happens when : 

{a) Silver nilraJe solution to a solution sodium 

chloiideaud the product is first t»eatcd v\?ih excess ammonium 
hydroxide and tnen with nitric acid. 

(b The nrodnrt obtained on .sedition or lead nitrate solution 
10 a solution of sodium iodide is boiled and then cooled subscqently. 

(r) Hydroiodic acid is added an acidified solution of 
potassium peinianganate. 

(J) Cone, bydrochloiic acid Is droppcw'^ on potassium perman- 
ganate. 

(£») The gaseous product obtained by boiling white phosphorus 
with caustic soda solution is passed through copper sulphate 
solution. 

(/) A solution of sodium nitrate is heated with zinc dust and 
caustic soda. 

10. How would you prove that {o) ammonia is a compound 
of nitrogen and hydrogen (b) hydrogen sulphide contains hydrogen 
and sulphur (c) ammonia possesses reducing property ? 

11. A gas is passed over heated magnesium. The product is 
treated with water and a new gas obtained. When this gas is passed 
over heated copper oxide, the original gas is recovered. What is the 
,gas 7 Explain the reactions. 

: water hot I 

IHint : Mg+Na MgaNg ► NHg Naj 

I CuO ■* 



( 59 ) 


12. A sodium salt ‘A' is treated with NH^Q solution and 
heated when NgO is produced. The same compound ‘A’ on strong 
heating gives ‘B’ and Og. Compound ‘B’ on heating with NH^Cl 
solution gives Ng. Again, the compound ‘A’ when boiled with Zn 
dust and NdOH solution, produces a gas ‘C’ which gives brown 
precipitate with K 2 [P{gl 4 ] solution containing ‘KOH*. Identify 
A, B, C. 

13. A gaseous hydride when brought in contact with hydrogen 
chloride produces dense white iumes. The h 3 dride gives a deep 
blue coloration when passed in excess into a copper sulphate 
solution and is obsorbed by fused calcium chloride. Write down 
the reactions and identify the hydride. 


CHAPTER 7 : Manufacture of some important Chemicals 

1. Give a short account of the manufacture of ammonia by 
Haber’s process. Explain the theoretical principles involved. State 
Aith equation what happens when ammonia and caibondioxide are 
passed into wate** containing suspended calcium sulphate. 

2. Discuss the method of preparation of nitric acid on a large 
from ammonia by oxidation State the coudmons necefsary 

this oxidation Why aie ammonia and oxygsn not kept in 
0 >ntacl W'th Oic catalyst f a 1 »ng tune 

3. (if) How are nitroffen and hydrogen requucj for ihe piepara- 
POii of ammonia by Haber's process obtained 

ib) What should be the v dumetric comp'*siii.»n or the \oIu- 
metric proportion of the two gases nitrogen t‘iid hv Jrogen ? 

(c) Why is the gas-mixture of nitrogen and hydrogen <!iib|ecieJ 
to high pressure ? 

(d) The gaseous leaction. though reversible ana exothermic is 
not earned out at a low temperature. Wh/ 

(e) Name the catalyst use i in the process. 

(/) What would be the enect of increasing nitrogen concentra- 
tion on the equilibrium concentration of ammonia ? 

(g) How is the ammonia produced separated from the unreacted 
gas-mixture ? What is done with the residual unreacted gas 
mixture ? 

4. How are urea and ammonium sulphate manufactured 
darting from ammonia ? Name a phosphatic fertiliser you have 
read and discuss its preparation on a large scale. 

5. Give a short account of the methods of industrial prepara- 
tion of nitric acid starting from (o) atmospheric oxygen and 
nitrogen and (b) Chille saltpetre. 

6. Give a brief account of the manufacture of sulphuric 
^cid by the contact process explaining clearly the physico- 
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chemical principles involved. Give a sketch of the commercial, 
plant used. 

7. How will you convert — 

(а) Nitrogen into ammonia and vice versa. 

(б) Sulphur dioxide into sulphur trioxide and vice versa 
(c) Ammonia into nitric acid and vice versa ? 

8. State the suitable conditions under which the following 
reactions are made to occur. 

(a) N,^- 3 H,-:^ 2 NH 3 (/») 2S0,+03->2S0, 

(c) 4NH,+503->4N0-hr>H20 (dj N3-fO,->2NO 

9. What is coal gas ? Name the main constituents of it. How 
is coal gas manufactured ? What arc the important byproducts of 
coal gas industry and stiie their uses. 

10. Wiite notes on : (a) Super phosphate of lime (b) Spent 
oxide (r) Urea (ci) Oleum le) Sulphan. 


West Bengal Higher Secondary Examination 


CHEMISTRY (Eirst Paper^ 

Gioip \ 

A Q,i:>l}ou I an ’ «iuy ih^ ’Voni Hk iom. 

1. C’ is i comnoui^d 3J gin- of o i analysis aivc, 10 gm^ ^ 
an elem' nt ‘ and 20 sms of aa 'thcr elcmi-nt ‘B' If 15 gros of A 
and 50 gms t»i Tt are mixed aim reacted wh«it weight of C will be 
produced and what will he the total weight of the rai\t3 
substances 

Or, The density 4>f a gaseous dement is 5 times that of oxygen 
under similar conditiors. If the molecule cf the element is triatomic.. 
what will he its atomic w^eight 

2. (fl) Explain ‘oxidnion number’. What do you understand 
by ^'Reduction" ? How aie these two related ? 

(i&) Complete the following equations with ihc help of 
‘oxidation number’ : 

(0 H.S }-SO,->S I H,0 

{ii) FcS,+0.,-»FcvO,-i-SO^, 

3. (d\ What amounts of NagCOj will be required to prepare 
the following solutions 

(i) 250 c.c. 0‘5NNa^COi (ii) 500 c.c. 0'5M NaaCOa 
iiii) 1000 C.C. 5% NUaCOs (Na=23) 
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(b) 25 c«c. of aO*lN NaOH solution neutralise 22*3 c.c. of 
a HCI solution. How much water is to be added to 500 c.c« of the 
HCl solution to make it 0*1N ? 

4. ^ (a) State Avogadro’s hypothesis. How many molecules are 
there in 9 gms water and in 18 gms steam ? 

(b) Prove that— (i) The mol. weight of a gas is twice its 
vapour density. (//) One mole of a gas occupies 22*4 litres at N.T P. 

^ 5. (a) 100 c c. oxygen and 100 c c, nitrogen each collected at 

25“C and 760 mm pressure are mixed in a vessel of vol 100 c.c. The 
temperature is maintained at 25"C. What will be the pressure of the 
gas mixture ? State the related law. What is partial pressure of a 
gas ? Explain the law related to partial pressure. 

(b) What is the difference between the two equations PV^RT 
and pv~nRTl 

6 . (a) Why will theie be difterence in the results if CaCO, is 
heated in the open and in a closed vessel ? (h) Explain with illustra- 
tions the importance of Dulong and Petits’ law. (c) What is equiva- 
lent weight of an element Explain the relaiion of equivalent 
weight and valency. 


Group — B 

Answer Question 1 and any three from the rest. 

7. {a) How and why does iiitiogen obtained from air differ 
from nitrogen obtained from NH4NOJ, 

(b) Explain with equations how permanent hardness of water 
is removed by the Clarke’s process. 

8. (a) How is sulphuric acid made by the contact process ? 

(6) Show with suitable examples how cone. H2SO4 and dil. 
HgSO^ differ in properties. 

(c) How can HgSO^ (sulphurous acid) be prepared from 
sulphuric acid ? 

9. {a) How can ozone \k obtained from oxygen ? Prove that 
ozone and oxygen are primarily the same element. 

(6) How does ozone react with the following : 

(/) Powdered silver ; (11) Kl solution ; {in) H^O^ solution. 

10. State facts in support of the following four) : 

(i) Hydrogen can be prepared from acid, water and alkali, 
(li) A catalyst increases the rate of reaction. [Hi) HI acid is a 
reducing agent, (/v) SiOg is an acidic oxide, (v) Red jdios- 
phorus is chemically less active than white phosphorus. 

11. {a) Give the methods of preparation and uses of the 
following: (i) Superphosphate of lime ; (ii) Coal gas. 

(b) Why is coal gas poisonous ? 

11—19 
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12. State with equation what happens when : 

(0 Steam is passed over red hot iron. (//) Steam is passed 
over strongly heated coke. (Hi) A mixture of cone. HNOg and 
P4O10 is warmed, (ip) PHg gas is led into CuSO^ solution, (v) 
Bromine is dropped into a mixture of red phosphorus and water. 


Group ‘A' 

Answer Question 1 and any lliree from the rest. 

1. Ca (OH)«+2NH4Cl=:CaCl,4-2NHa+2HaO. 

Find from the above equation the amount in grams of NH^CI 
required to produce 2*024 litres of NH4 at 750 mm. pressure and 
Also, find the weight of CaClg produced. (Ca=40) 

OR 

0*6 gm. of a metal on reacting with acid produces 500 c.c. 
Hydrogen at N.T.P, and 0*12 gms of the metal produces 0*20 gm of 
Oxide when burnt. Again 0*56 gra of Oxygen produces 0 63 gm 
of water. Show that the above facts can be explained with the 
help of one law of chemical combination. State the law. 

2. (q) How will you identify whether a solution is acidic, 
alkaline or neutral ? 

(h) One gram of CaCOg is heated to produce lime. The lime 
produced is dissolved in 1 iitre of water. Calculate the normality 
of the solution. 

(c) 50 c.c. 0*8% NaOH solution is mixed with 25 c.c. of 0*5 
NaHCl solution. What will be the acidic or alkaline normality 
of the mixed solution ! 

3. (n) When Zinc is added to a solution of a lead compound 
Zn goes into solution and Pb comes of the solution but nothing 
happens when lead is added to a solution containing Zinc— Why ? 

(A) Of the two processes used in the laboratory for making 
hydrogen and H^S gases which is of oxidation-reduction type and 
why 7 

(c) Explain with suitable illustrations that with change in 
oxidation number of an element its equivalent weight also changes. 

(d) Complete the following equation with the help of oxida- 
tion number. 

S+HjjSO^-^SOa+H^O 

4. (n) 1*986 gms of Copper gives 2*470 gms CuO. If 0‘346 gm. 
of Zinc be added to a copper sulphate solution it replaces 0*335 gm 
Copper from solution. What is the equivalent weight of Zinc ? 
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(b) Which one is more heavy — 1 gram mole of NO or 0*5 gram 
mole of NO, ? Calculate the number of Nitrogen atoms in each. 
Calculate the mass of one atom of Nitrogen, (N — 14, O — 16). 

5. (a) Tn the Haber process of industrial production of ammo- 
nia the following equation is used : 

N24-3Ha^2NH8+n*8 Kilo Calories heat. Stating the con- 
cerned law explain the effect of change in temperature and pressure 
on the reaction. 

(b) Why the above reaction is carried out at SSO^C ? 

(c) Will the reaction lead to completion if it is carried in a 
closed vessel ? What will be the effect of cotinuous removal of 
ammonia produced ? 

6. Write notes on : 

(i) Avogadro’s number (ii) Gas constant ‘R’ Hydrolysis 
fivl Diffusion of gases. 


Group ‘B* 

Answer question No 7 and any three from the rest. 

7. State with equations how Chlorine and Oxygen react with 
Phosphine and Ammonia. 

OR 

Show with suitable reactions which of the two acids HBr and HI 
is more easily oxidised 

8. Describe with equat.ons how starting with nitrogen and 
hydrogen urea can be made. What happens when urea is slowly 
heated ? 

9. State with equations what happens when : (any four) 

(i) Slaked limi. is mixed with permanent hard water. 

(ii) Red phosphorus is boiled with cone, HNO#. 

(//;) Cone. HCl is added to KMnO^ crystals. 

(iv) Chlorine is passed into hot cone. NaOH solution. 

(v) A solution of SO^ is mixed with a solution of KaCr04 

(vi) A mixture of sand and Na,COR is fused by heating. 

10. (0 Why cone, H3SO4 is not used in preparation of H,0, ? 

(11) For the preparation of H^O,, BaO, is made into a paste 

with water— Why ? 

{Hi) Prove with suitable I'histrations that HsO, is a powerful 
oxidising agent. 

(iv) How docs II3O, react with an acidiGed solution of 
KMn04 ? Show that this reaction is of oxidation reduction type. 

11. (a) Give a brief account of CO as a fuel and as a reducing 
agent. 

(6) How can sulphurous acid solution and dilute sulphuric 
add be identified ? 
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(c) State why dilute sulphuric acid is not used in making CO, 
from marble stone. 

Why lime water turns turbid in contact with COg ? 

(d) Name two chemical compounds which can absorb CO 
and COj, gases. 

12. State reasons in favour of the following statements 
(any four) : 

(/) Neutral NO becomes acidic in contact with Oxygen 
(/i) H^S IS a reducing gas 

(in) Charcoal and diamond are different forms of the same 
element. 

(iv) Chlorine and Iodine are elements of the same class. 

^v) Water is the main source for industrial hydrogen. 


CHEMISTRY— First paper 
Group— A 

Answer question 1 and any three from the rest, 

1. (a) Equal masses of two gases ^ and R are kept in two 
separate vessels at the same temperature and pressure. If the ratio 
of the molecular weights of A and B hi : 3, find the ratio of the 
volumes of the two vessels. 

(b) What volume of carbon dioxide gas at standard temperature 
and pressure may be obtained from one kilogram of calcium carbo- 
nate ? [Ca=40) 

Or, (a) 1 litre of a gaseous element reacts with 2 litres of 

another gaseous element to form 1 litre of a gaseous compound (all 
the volumes being measured at the same temperature and pressure). 
]3oth the elements are known to be diatomic. Taking the symbols 
for the two element as X and Y respectively, find the molecular 
formula of the compound. 

(b) If the volume per gram of a gas be 280 millilitres at the 
standard temperature and pressure, what is its molecular weight ? 

2. Explain what is meant by the ^partial pressure* of a gas, and 
state Dalton’s law of partial pressures. 

A mixture containing 2*0 gm hydrogen and 8'0 gm oxygen is 
kept at 2TC in a vessel whose volume is 20*0 litres. What is the 
total pressure inside the vessel ? 

3. (a) State Dulong and Petit’s law. 

(6) 1020 gm of a metallic oxide contains 0*540 gm of the 
metal. Calculate the equivalent weight of the metal, and hence its 
atomic weight with the help of Duloiig and Petit’s law. Taking 
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the symbol for the metal as Af, find the molecular formula of the 
oxide. [Specific heat of the metal is 0*216 calorie per degree pea 
gram]. 

4. (a) Explain the difference between 'normal* and 'standard* 
solutions of an acid. 

(b) If 40*0 millilitres of a sulphuric acid solution be required 
for titrating 2*65 gm of sodium carbonate dissolved in water using 
methyl orange as the indicator, what is the normality of the acid ? 
[Na=:23]. 

Explain whether there would have been any difference, if phenol- 
pnthalein, instead of methyl orange, were used as the indicator. 

5. {a) Explain the electronic concept of oxidation and reduc- 
tion with suitable examples, and show that oxidation and reduc- 
tion with suitable examples, and show that oxidation and reduction 
occur simultaneously. 

{b) Explain with suitable examples that the oxidation number 
of the same element may be positive in one of its compounds and 
negative in another. 

(c) Complete the following equation with the help of oxidation 
number : 

Cu+HN0s-»CiHN08)2+N0a+H20 

6. Explain what is meant by the state of equilibrium of a 
chemical leaction. 

Write the expression for the equilibrium constant for the under- 
mentioned reaction 2M (gas)+JV (gds);^2P (gas) 

Suppose that the above reaction is endothcimic, and that at a 
definite temperature and pressure Af, N and P are in equilibrium in 
a closed vessel. Now, (i) if the volume of the vessel be increased, 
keeping the temperature unchanged will the amount of P increase 
or decrease ? (ii) If the temperature be increased, keeping the 
volume unchanged, will the amount of P increase or decrease ? 

Give reasons for your answer in each case. 

Group— B 

Amv^er question 1 and any three from the rest 

7. State with reasons whethc” you expect the reactions to occur 
as shown below : 

(i) Fe-f HCl (dilute) — ►FeCla+H,. 
rti) CuH-HjjSOa (dilute) — j-CuSO^+H^. 

(iii) K3SO4+HNO8 (concentrated) 

+heat 

►KNO8+H.SO4 

Or, id) State with reasons whether concentrated sulphuric add 
and quicklime are suitable or unsuitable for drying hydrogen iodide 
and ammonia. 
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(d) Name any two good drying agents other than the two 
mentioned above. 

8. (a) Under what conditions does water react with (i) iron 
and (ii) coke, and what are the products ? Give equations. 

(6) Explain whether a dilute aqueous solution of magnesium 
sulphate will behave as *hard water’. 

9. (a) Explain, with a sketch, how Kipp’s apparatus can be 
used for a ready supply of hydrogen sulphide whenever required in 
the laboratory. 

(6) State and explain what happens when hydrogen sulphide is 
passed into a solution containing both CuCl^ and ZnCl^, acidified 
with dilute hydrochloric acid. 

10. (a) What is ‘superphosphate of lime’ ? How is it prepared ? 

(b) State with equations what happens when : — 

(i) White phosphorus is heated with a concentrated solution of 
potassium hydroxide, (ii) Water is slowly added to a mixture of 
red phosphorus and iodine. 

(c) How can white phosphorus be converted into red phos- 
phorus ? 

11. (a) Explain the following phenomena 

(i) Most chlorine is a strong bleaching agent, bvA it cannot 
bleach the marking made with an ordinary pencil : (/// It dine is 
spanngly soluable in water, but its solubility is much highes in a 
solution of potassium iodide. 

{b) State with eqmtions how you will prepare : 

(i) nitric acid from ammonia and (ii) ammonia from nitric 
acid. 

12. State with equations what happens when four) : — 

(i) Ozone is allowed to react with ethylene. («) A mixture 
of gaseous carbon dioxide and ammonia is heated under high 
pressure. (Hi) A burning niagensium wire is inserted into ajar of 
carbondioxide. (h) A mixture of ammonium chlotidc and sodium 
nitrite solutions is heated, (v) Nitrogen gas is passed over heated 
metallic calcium. 


Group — A 

1. (a) Is the number of molecules in mole of a gas at 100*0 
and 300 mm pressure equal to, greater than or less than Avogadro 
number ? 

(b) A mixture of hydrogen and oxygen contains 20% by weight 
of hydrogen. What is the total number of molecules present per 
gram of the mixture ? 
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Or, (a) Two metals A and B have the same equivalent weight* 
but the atomic weight of B is twice that of A. How can it be 
explained ? 

(h) If the equivalent weight of a metal (A/) be x, and the 
formula of its oxide be MmOn^ show that the atomic weight of 

m 

2. State the law of ‘reciprocal proportions’ for chemical 
combination. 

A, B and C are three elements. Ig A combines with r33g B ; 
Ig B combines with 0“125g C ; Ig C combines with 6 00g A. Show 
whether these results are in agreement with the law of reciprocal 
proportions. 

Explain this law with the help of atomic theory. 

3. (fl) What is meant by ‘vapour density’ ? Establish the 
relation between vapour density and molecular weight. 

(/>) What is ‘empirical formula’ ? How can the molecular 
formula of a gaseous compound be obtained fiom its empirical 
formula ? 

(c) CO ml of a mixture of CO and H^ was mixed with 40 ml 
oxygen and exploded in a eudiometer. After c >oling, the volume 
was found to be 30 ml. Find the composition of the original 
mixture. [V<dumes weie measured at the same pressure and 
temperature]. 

4. (a) Find the viluc of the ‘gas constant’ Ji la any unit, (b) 
Find the volume of 2 ?g carbon dioxide at 77 C and 570 mm 
pressure, (r) State v raham’> law of diffusion with one example. 

5. (a) Explain with one example what is meant by an ampho- 
teric oxide. 

(b) Explain why an aqueous solution of ammonium chloride 
is acidic. 

(c) 100 ml of a solution of calcium hydroxide required 20 ml 
of a 0 030 N HCl solution for neutralisation. Find the normality 
of the alkali solution. Hew many grams of calcium hydroxide 
present per litre of this solution ? [Ca -40] 

6. (a) Explain whether tue two reactions, stated below, are 
oxidation reduction reactions : 

(i) Mg+H.SO^-MgSO^+Ha. 

(ii) MgO+H.SO^-MgSO^+H.O. 

(b) Explain the significance of the relative positions of 
hydrogen, iron and copper in the electropotential series, (c) Write 
the expression for the equilibrium constant (K) for the reaction. 

N, (gas)+3H, (gas)^2NHs (gas). 



